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s|n ~ f ~ f8{q7sulw¤Klws|¡\{{(Kxq'yzs|lr£Zndf\{q)yJf+ueOlr{ ~ f¶+q'uq7su¡+ulm{|f+ su|v7lm{WsZyJf\{
~ f§
v7xdxdf+Klmv'x<{lwxZsuf+uxdf+nduv'x<q}pmf\{f\x7su|fXpmf\{
f\pwpmndpmf\{ ~ n­|¡8{(f8q}n)ÅWlmp{+© q}7l¢s ~ n {(z{(s|c+egf ? b ¼Æf+d
lwsuqt¿
s|f+nBtlwxdalwdlws|f\nd½¥.?¸pmnzsq}eqtsuf¼Æf+z+l¢sqtsuf+nd½bf
s ~ © nxU{(z{(s|c+egfxf+nduv'egv ~ ndprqtsuf+ndo¼´v'xXxdf,
v'xxq:²rsyq'{f+xz¿

v'uf1pwf§xdf+nduv}suuq'x{|eOf+s(suf+nd¨uf\{|yJv'x{uq}dpmf ~ fUp5© q7sulwv7x­xdf+nduv'egv ~ ndprqtsu|lr
f:½«IÀq ~ Kxq}eglr£Zndf ~ fUp5© q'sulwv7x
xdf+nduv'egv ~ ndprqtsu|lr
fÊf\{(sIJf\q'n
v7ndygydpwn<{Ppwf\xZs|f£Zndfprq ~ Kxq}eglr£Zndf ~ f\{Wxdf+nduv}suuq'x{|eOf+s(suf+nd{ ? b¿f
s ?¸pmn
¿5f\|7lm£Zndf8{0Å:v'xOyq'{u{|f ~ © ndxf ~ Kxq}eglr£7nf ~ fpY© v' ~ uf ~ f£Zndf+pr£Zndf\{ eglmxZnds|f\{Wy<v7ndWp5© q7s|lmv'xOxdf\nd|v7egv ~ ndpmq}s|ulm+f









s|s|f\nd ? b¿ f+u'lr£Zndf8½
«
  Å ·¡8aq}u'f ~ f8{)xdf+n|v7xdf\{f+soq'sulw¤Klws|¡f\xd|f\'lr{su|¡\fO{|nd)pmfxdf+|³beOv's|f\ndq}n 
v7nd{ ~ n s|v'nds ~ ¡+dnds ~ © nx
¡+ylm{|v ~ f'«	lr{(n<q}pmlm{uqtsulwv7x ~ f\{<v7nz±J¡\f\{\ÅÊqZ½ ~ f§sZyJf§Áf+sÁ|Á
Ê<½ ~ fUsKyJf§Á(Á|Á«ÊÀ f\{xdf+nduv'xf\{ ~ fUsKy<f¹Ágf
sÁ|Á
~ ¡8aq}u'f\x7s¸f+x¯ydaq7{(fgq:¤'f8pmfOxf+|³¶¼Æuf\
suq}x'pmf\{½«C<½¸À0f8{¶xf+nduv'xdf8{ ~ fOsZyJfgÁ(Á|Á ~ ¡8aq}u'f\x7s¸f+x¯v'ydyJv7{|lws|lmv'x ~ f
ydaq7{(f¶q:¤'f\bpmfxf+|³«ZÀI© f\xd|f\'lr{su|f\egf+xZsWv'{|f+u¤'¡ ~ nd|ff+xK¤Klwuv'x'o{+«KÀ0fuf
sq} ~ f+xZs|ufp5© q7sulw¤tqtsulwv7x ~ n¨xdf\nduv'xdf ~ f
sKy<f¸Á(Á|ÁIf+sÊp5© q7sulw¤Klws|¡{(ndbpmf¶xf+|³q¡+s|¡¸eOv ~ ¡\pwlr{|¡¸+v'egegf¶ndx{(lmegydpmf¶uf
sq} ~¨~ © f+xK¤Klwuv'x,{\«K{u
lr{|{|fWÅ7s|f+egy{bf\x
{|f\
v7x ~ f8{+«<¶ ~ v'xxd¡+fWÅKyJv}suf+xZs|lmf+p ~ f¸egf\eodq}xdff\xeglmpwpmlm¤'v'pwsu{\«
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v7nd{ ~ fgaq7£7nfo¡+ylm{|v ~ f'¥CpmfOyJv}suf+xZs|lmf+p ~ fOegf+e,duq'xdf ~ f\{¸xdf\nd|v7xdf\{ ~ f,sKy<fgÁf+sÁ|Á ~ ¡8
ul¢sndxdfgv'x ~ f ~ f
~ ¡\y<v7pmq'|lr{|q}s|lmv'x pmf+xZs|f7¥{|ndoprq'£Zndf\pwpmf¨{(f ~ ¡+¤7f+pmv'ydyJf+xZs ~ f8{ ~ ¡\y<v7pmq'|lr{uqts|lmv'x<{s|q}x{|lws|v'lmuf\{ ~ fydpwn<{'q}x ~ f¨q}egydpml¢¿





Inhibition lente : NM −
Excitation lente : NM +
Bouffées
 h<ÅA v's|f+xZsulwf\p ~ fegf+eouq'xdf ~ fOxf+nduv'xdf8{ ~ fgsKy<fgÁf+sÁ(ÁO¼Æf+x aq'nzs½¶f+s ~ Kxq}eglr£7nfOpmf+xZsufgq7{|{|vz
lm¡Oª1+f
yJv}s|f\xZs|lmf+p5«0ÀW© v'zf8s|lm¤'f ~ n¯eOv ~ c\pwf£Zn0© v'x ~ ¡+¤7f+pmv'ydyJf+q ~ q'x{¸pmq{|ndl¢sufgf\{(s ~ f{|lwe,ndpmf+)
f+s(s|f ~ Kxq'eOlr£Zndfgpwf\xZs|f'«
ÀW© ¡+¤7v'pmnzs|lmv'x ~ n yJv}s|f\xZs|lmf+p ~ feOf\eodq}xf ~ f
f\{,xdf\nd|v7xdf\{,f\{(s+q}q'
s|¡\|lr{sulm£Zndf7¥E³Æv'ueq}xZs,nxdfv7x ~ fpwf\x7suf ~ f
~ ¡\y<v7pmq'|lr{|q}s|lmv'x)suuq'x{|l¢suv'lm|f7¥8yndlm{ nxdfbpwv7xd'ndfÊlmxdadlmdl¢sulwv7x0« x,¡\ydlm{|v ~ fbf\{(sP|f\yd|¡8{(f\xZs|¡'«tÀI© f\xd|f\'lr{su|f\egf+xZsv7{(f\|¤7¡
~ nduff+xK¤Klwuv'x =OeglwxKnzsuf\{\«{u
lr{u{(fWÅKsuf+egy{bf\xeglmxKnzs|f7«J¶ ~ v'xdxd¡\fWÅKy<v's|f\x7sulwf\p ~ f)egf+e,dq}xdff+xeglwpmpmlw¤7v'pwsu{\«
xdv7eoduf+nz ¼Ælmpr{¶uf+y|¡8{(f\x7suf+xZsprq¨egv'lws|lm¡ ~ foprq¨yJv'ydnpmq}s|lmv'x ~ f8{¸xdf+nduv'xf\{½¥y|¡8{(f\x7suf+xZs¶prq\q}q'
s|¡+ulr{sulm£Zndf ~ fg{|f
~ ¡\y<v7pmq'|lr{(f\Iªprq{|ndlws|f ~ © ndxf¶lmxdadlmdlws|lmv'x 
Zyd|v ~ nlm{uq}xZsq'lwx{|l ~ f\{|f\<v7x ~ {WyJv7{(s(¿ lmxdadlmdl¢suf+nd{\«ZÀ f\{Wlwv7pwv7'lr{suf\{I{|ndyz¿
yJv7{|f+xZsW£7nfbs|v'n<{ pwf8{Pxdf+n|v7xdf\{ {|v'xZsWlwxZsuf+
v'xxdf\








s ¶lwJf+|sbv'xZsb+v'x+n¨ndx¨egv ~ c\pwf ~ nuadv7eoJv'egc+uf£ZndlJ|f\yd|v ~ nl¢sÊpwf8{ ~ f+nz¨q'
s|lm¤Kl¢su¡\{¡+pmf\su|lr£Zndf\{
~ lw±J¡\|f\xZs|f\{ ~ f\{xdf\nduv'xdf8{ ~ fsZyJfÁf+sÁ(ÁÊf
s ~ f8{bxdf+n|v7xdf\{ ~ fsKyJf)Á(Á(Ábq:¤'f8su|v7lm{bxf+nduv}suuq'x{(egf+s(s|f\nd{Ê{|Kxq}yd¿
s|lr£Zndf\{  =	5«JÀ0f)egv ~ c+pmf ~ ¡\¤'f+pmv'yy<¡)f+KalwJfndxdfq7sulw¤Klws|¡)su|c8{yduvKaf ~ fpY© q'
s|lm¤Kl¢su¡ydaKz{(lmv'pmv'7lm£Zndf¸f
slmpqgyJf+ueglm{
~ © f+x ~ ¡ ~ ndlwuf£Zndf,prqy<¡\|lmv ~ lr
lws|¡ ~ fOpY© q'
s|lm¤Zlws|¡gf8{s)ydulwx<
lmyq}pmf+egf+xZs ~ ¡
suf+ueglwxd¡\fgyq}prq ~ n|¡\f ~ fOprqxdf+nduv'egv'¿
~ ndprqtsulwv7xA£Zn0© f
zf\u+f+xZsOpmf\{gxf+nduv'xdf8{ ~ fsZyJf1Á(Á|ÁO{|ndpmfu¡\{|f\q'nSf+s£Zndf1p5© q7{(yJf\




zlwv7x{lm{u{(nf\{ ~ f\{bxf+nduv'xdf8{ ~ f¸sZyJfÁ(Á«<fegv ~ c+pmf¶f8{sq7{(¡{|ndbs|uv'lr{sZyJf\{
~ f)xdf\nduv'xdf8{0Å
 ~ f\{bxdf\nduv'xdf8{ ~ fsZyJf)Áb£7nlEpwlm<c\|f\xZsndx1xdf+nduv}suuq'x{|eOf+s(suf+ndbf
d+l¢sqts|f\nd¼?¸pmnzsq}eqtsuf8½ 

 ~ f\{Êxdf\nd|v7xdf\{ ~ f¶sKy<fÁ(Á£7nlEpwlm<c\|f\xZsÊndxxdf\nd|v's|q}x{|egf
s|s|f+n ? b £ZndlCy<f\nzs»
su|f¸ªoprqo³Æv'lr{f+d
lwsuqtsuf+nd




v7egyq}q}dpmf\{bq'nzxdf\nd|v7xdf\{ ~ fsKyJf)Á 

 ~ f\{xf+nduv'xdf8{ ~ fsKy<foÁ(Á(Á£Zndl0pmlm<c\|f\x7snxXxdf+nduv'egv ~ ndprqtsuf+nd¼Y¾º§½dlwyaq'{|lm£Zndf¨¼´ndxdfyaq'{|ff
d
lwsuq}s|ulm+f





































  ;dÅ jzad¡\eq ~ n­|¡8{(f8q}nAf+e,d|7v'xdx<q}lm|fyduv'yJv7{|¡y<q}¨À q''v7ndf+Zs|f1f+s lm<f\(s  = «¡\{|f\q}nd ~ fUxdf\nduv'xdf8{
q:¤tq}xZs¯¼Yq7½f
sUq'yd|c8{¹¼´<½pY© q}yyq}ul¢sulwv7x ~ nMxdf+n|v7xdf ~ f¯sKyJf¹Á|Áq:¤'f8Undxf¯{|Kxq}y{|f ~ f§sKyJf5? b¿ f+u'lr£Zndf
lmxdadlmdl¢su|lr
f7«PÀ0fxdf+nduv'xf ~ fsKy<fÁ¼´xdf+nduv}suuq'x{|eOf+s(suf+nd?¸pwndsuq}eq}s|f










suf+x ~ f\xZsªosuv'nzspmf)u¡\{|f\q}nndxdfq7s|lmv'xxdf\nd|v7egv ~ ndpmq}s|ulm+f'«
fegv ~ c+pmf)f\{(sb<q'{|¡{|ndpmf\{baKKy<v's|adc8{(f8{{(nlw¤tq}xZsuf\{0Å
 pY© f
zlr{suf+x+f ~ © ndx1xdf\nduv'xdfxdf\nd|v7egv ~ ndpmq}s|f\nd ~ fsKy<fÁ(Á|Á 

 aq'£Zndf¶sKy<f ~ f)xf+nduv'xdfqgndx1ndxdlr£Zndf¸sKy<f ~ f)xf+nduv}suuq'x{(egf+s(s|f\nd 










s|lm¤Zlws|¡,|Zsuadeglm£Zndf,f\{(s¸q'{u{|nd|¡\fyq'ndx¹xdf+nduv'xf ~ fsKyJf,Áq7sul¢³Iv7nXyq'+f+eq}É7f+8«µWx§³´q}lws\¥JlwpPq¡+s|¡ ~ ¡
¿
eOv7xZs|u¡'¥8yq}P{|lwe,ndpmq}s|lmv'x0¥t£Zn0© ndxO|¡8{(f8q}n ~ f¾Axdf\nd|v7xdf\{
v7x{(s|lws|nd¡ ~ fbxdf\nd|v7xdf\{ ~ fÊsKy<fÊÁ¼´|f8{(yJf\
s|lm¤'f\eOf\xZs
Á(Á¸f







½xdfegv7x7su|fgyq7{ ~ © q'
s|lm¤Zlws|¡¨q'nzs|v'¿5f\xZs|uf
s|f\xKndf
f+x p5© q'{|f+x+f ~ © ndxdf1{sulwe,ndprqts|lmv'xÃf
Ks|¡\|lmf+n|f =	 «If+yJf+x ~ q}xZs\¥ prq§{(s|lmeondprqtsulwv7x ~ © ndxSnxdlm£Zndfxdf\nd|v7xdf ~ f
sZyJfoÁf8{s{(n {uq}xZsufy<v7nd7¡+xd¡\|f\ndx§¡+ydlr{(v ~ f  =5«CÀW© lwxZsu|v ~ n
s|lmv'x ~ © ndx§xdf+nduv'xfyq'+f+eq}É7f+f8{s ~ v'x<
xqtsund|f\pwpmf'«
Êlwf\xo£ZndfÊpY© f
zlr{suf+x+f ~ © ndxdfbq'
s|lmv'xxdf\nduv'egv ~ ndprqts|ulr
fIq'l¢s ¡
su¡ ~ ¡\eOv7xZs|u¡+f'¥8p5© q}s(s|ulmdnzs|lmv'x ~ fIprq¶|f8{(yJv'x{uq}lwpml¢su¡
~ f§+f










s|s|f\ndu{ ? b]v'n?¸pmnz¿ f+u'lr£Zndf)x0© f\{(syq'{ª
f
d+pwnduf'«À0f¨adv7l¢ ~ f¨x0© q:¤'v'lmndxdf¨q7s|lmv'x lmxdadlmdlws|ulm+f£Zndf¨{(npwf8{)xdf\nd|v7xdf\{xf+nduv'egv ~ ndprqtsuf+nd{)q1ydpmnzs|Ë's¡
s|¡
~ lrsu¡)yq}ndxX{|v'n+l ~ fyq}
lmegv'xdlmf)£Zndfyq} ~ f8{buq'lm{|v'x<{yaZz{|lwv7pwv7'lr£Zndf\{\«
À0foeOv ~ c\pwf ~ ¡+¤7f+pmv'ydyJ¡egv'xZs|uf ~ f8{pmlweglwsuq}s|lmv'x{¶lwegyJv'|suq'x7suf\{¶q}nXxdlm¤'f8q}n ~ fp5© ¡+¤'v7pwnds|lmv'x1s|f\egy<v7|f\pwpmf ~ nUyJv}¿
s|f\xZs|lmf+p egf+eouq'xq}lm|f ~ f\{¸xdf\nd|v7xdf\{¶f
s)q}n¹xdlm¤'f\q'n ~ fOpmq{|¡\£Zndf+x<
f ~ © q7s|lm¤tqtsulwv7x0«CµWx¹v7{|f+u¤:q'xZspmq®7nd|f,hf\x
 =	Pv'x¯{+© q}yJf+ 
v7l¢s£7nf,p5© ¡\¤'v7pwnzsulwv7xUsuf+egy<v7|f\pwpmf ~ n§yJv}suf+xZs|lmf+p ~ © q'
s|lmv'x ~ n¹xdf\nduv'xdf ~ fOsZyJfOÁ(Á(Á¶x0© f\{(s¸yq7{¸ydaK7¿
{|lwv7pwv7'lr£7nfWÅlmpPydu¡\{|f+xZs|f,ndxdfq'
s|lm¤:q}s|lmv'x¯q}n ~ ¡+yq'(s ~ fgpY© ¡+ydlr{|v ~ fO£Zndl xdfg{(fO¤'¡\|lw®f¶(q}eq}lr{\«<µWx¯ydpmn{\¥Ey<v7nd)£7nf
pmf¸egv ~ c\pwf¸³Æv'n|xdlr{u{(f ~ f<v7x{bu¡\{|ndp¢sqts{+¥KlmpC³´q}nzs£Zndfprq,{|¡\£Zndf\x
f ~ © q'
s|lm¤:q}s|lmv'x ~ f\{bxdf\nduv'xdf8{Ê{|v'lws ~ q}x{bp5© v' ~ |fIÅ
xdf\nd|v7xdf\{ ~ f,sZyJfoÁ¥Jydndlr{¸Á(Á|Áf
s){(f\ndpwf\egf+xZs¸q'yd|c8{pmf\{¶xdf+n|v7xdf\{ ~ fosKyJfoÁ|Á¥C+f,£Zndlf+x+v'ufndxdf,³Æv'lr{¶x0© f8{s¸yq'{
ydaKz{(lmv'pmv'7lm£Zndf7«
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À0f8{bydulwx+lwy<q}pmf\{b+q'uq7s|¡\|lr{(s|lr£7nf\{b£Zndfpwf)egv ~ c+pmf ~ v'lwsyJv'nd¤7v'lmÊuf+y|v ~ ndlmuf¸{|v'xZspwf8{{|ndlw¤tq'x7suf\{ Å
   -,  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    65À0fg|¡8{(f8q}n¹f+eo|7v'xdxq'lwufoegv7x7su|f7¥ ~ q}x{pmf\{
yd|f\eglwf\u{¨{(suq ~ f\{ ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs\¥Êndxdf§q7s|lm¤Kl¢su¡UyJ¡+ulwv ~ lr£Zndf¹+v'egy<vZ{(¡\f ~ © ¡+ydlr{(v ~ f8{q:¤7f\1ndxdf¯{(f\ndpmf
<v7nz±J¡\fs|v7nzs|f8{Wpmf\{ ;'){+«ZºUq}lr{\¥'f+x¨£Zndf\pm£Zndf8{Padf\nd|f8{+¥7pmqyJ¡+ulmv ~ f ~ © q'sulw¤Klws|¡ ~ f+¤Klwf\xZs ~ f¸;{+¥'s|v'n}v'nd{Wq:¤'f8









v7x{(lr{(s|ff+xApmq¯u¡+lws|¡+qtsulwv7xSyJ¡+ulwv ~ lr£Zndf ~ © nx
¡+ylm{|v ~ f ~ © q'sulw¤Klws|¡o+v'x{(s|lws|n¡ ~ © ndxdf ~ ¡8aq}u'f ~ fJv'nd±J¡\f\{ ~ fy<v's|f\x7sulwf\pm{ ~ © q7sulwv7x0«<jKnd¸




sf8{suf+yduv ~ ndlwsy<¡\|lmv ~ lm£Zndf\egf+xZsbs|v'nds|f\{pwf8{z«>;oeglmxKnzs|f8{+«
f+u'lr£7nff+xZsuuqt²rxdf¶pY© f
zlr{suf+x+f ~ © ¡\ydlm{|v ~ f\{yJv7{u{(¡ ~ q}xZsbndxxdv7eoduf ~ f¶Jv'nz±C¡+f8{bydpmn{Ê'q}x ~ q'nd'egf\x7sq}xZsÊq'n

v'nu{ ~ ngsuf+egy{\«7À f|¡8{(f8q}ngf+e,du'v'xxq}lm|fÊydu¡\{|f+xZs|fq'pwv7u{ nxdfq}n'egf+xZsuq}s|lmv'x ~ fprqyJ¡+ulwv ~ f ~ fpY© q'
s|lm¤Kl¢su¡
|Zs|aeOlr£Zndf'«¶x 
v7x{(suqtsuf£7nfOprq1yJ¡+ulwv ~ fgf\{(sq}ydy|v:zlmegq}s|lm¤'f\eOf\xZs¸¡\7q}pmfgªq'nzsuq'xZs ~ fg³Æv'lr{@;}1{)£Zn0© lmpW
q ~ fJv'nz±C¡+f8{ ~ q'x{p5© ¡+ydlr{(v ~ f  5«ºUq}lr{+¥
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   	=50À f\{¸f+xduf+7lm{(s|uf+egf\x7s{egv'xZsu|f\x7s)£ZndfOpmqu¡+yJv'x{|foyduvt¤'vz£Znd¡\fyq}
ndxdf{(s|lmeondprqtsulwv7x ¤tq}ulwfq'n 
v7ndu{ ~ nS+K+pwf ~ © q7sulw¤Klws|¡'«À0v7u{u£Zndfpmq¹{sulwe,ndprqts|lmv'x {|ndu¤Klwf\x7sos|Ë}sOªXpmq§{(ndlws|f
~ © nx¨¡+ydlr{|v ~ f{(yJv'xZsq}xd¡7¥7
f\pwpmf
¿Â
l<yduvt¤'vz£Zndfbpwf ~ ¡\+pwf\xadf+egf\x7s ~ © nx¨¡+ydlr{|v ~ fyq}|s|lmf+pJ
v7eOyJv7{|¡ ~ © ndxdf¸{(f\ndpmf
<v7nz±J¡\f'«Wpwn<{¨prq {sulwe,ndpmq}s|lmv'x­f8{s ~ ¡\pwlm¤K|¡\fUq:¤'f81ndx°s|f\eOy<{ ~ fUprqtsuf+x+fXpwv7xd ª prq {(nl¢suf ~ © ndx­¡+ydlr{|v ~ f
{(yJv'xZsuq'xd¡'¥Jydpmn{¸pwfOxdv7eoduf ~ f,Jv'nz±C¡+f8{ ~ f,p5© ¡+ydlr{(v ~ fg{|ndlw¤tq'x7s)q}n'egf+xZs|f7« x¹¡\ydlr{(v ~ f7¥C+v'egyq'uq'dpwf,q}nz
¡+ydlr{(v ~ f8{ {(yJv'xZsuq'xd¡+egf\x7sP7¡+xd¡\|¡8{y<q} pwfbu¡\{|f\q'nou7suadeglm£Zndf7¥}f\{(s ~ ¡\+pwf\xad¡£Znq}x ~ prq¶{(s|lmeonpmq}s|lmv'xg{(ndu¤Klwf\xZs
n{sufq:¤tq}xZsÊp5© q}ydyq'|lws|lmv'x ~ fp5© ¡\ydlm{|v ~ f ~ n1u7suadegf){(yJv'xZsuq'xd¡'«
¶xOf\x ~ ¡ ~ nl¢s£Zndfp5© f
d
lwsuq'dlwpmlws|¡ ~ nu¡\{|f\q'n,f8{sWndxq}yy<v7(s ~ lm|f8sIq:¤7f\Êpwfbsuf+egy{Pf\xZs|ufpY© vz+
n|uf+x+f ~ © nx
¡+ydlr{(v ~ f,{(yJv'xZsuq'xd¡)f
s¸pwfs|f+egy{ ~ fp5© q}ydydpmlr+qtsulwv7x ~ fprq¨{(s|lmeondprqtsulwv7x0¥<+f
slmxZs|f+u¤tq}pmpwf ~ f)s|f\egy{¶+v'xZs|uË'pmf)pmf
xdv'e,d|f ~ f)Jv'nz±C¡+f8{ ~ fp5© ¡\ydlm{|v ~ f{|ndlw¤tq'x7sprqg{sulwe,ndpmq}s|lmv'x  5«
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 @?+ABADC   0/ 65 ÀW© q}ydypwlr+q}s|lmv'x ~ fdlm+n
npwpmlwxf'¥ ndxSq'x7sq}7v'xdlr{suf ~ f\{
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f+yds|f+nu{(? b¿ f+u'lr£Zndf\{\¥0f+xZsuuqt²rxdf{(z{(s|¡\egq}s|lr£Zndf+egf+xZsonxdf ~ lm{|yq}ulws|lmv'x ~ f8{oJv'nz±C¡+f8{,+v'x{(s|lws|nds|lm¤'f\{
~ f)pY© ¡+ylm{|v ~ f'¥{|f+npwf)prqg<v7nz±C¡+flmxdlws|lrq}pmff\{(s
v7x{(f\|¤7¡+f  5«JÀ qOyJ¡+ulwv ~ f ~ f)pY© q'
s|lm¤Zlws|¡)uZs|adeglr£Zndfx0© f\{(syq'{
{(lm'xdlw®<\qts|lm¤'f\egf+xZsÊegv ~ lw®¡+fªOprqg{(ndlws|f ~ npwvz+q''f ~ f)p5© q7s|lmv'x ? b¿5f\|7lm£Zndf7«Kn1xdlw¤7f\q'n+f+pmpwndprq}lmuf'¥zprq
dlm+n




feq'{u£Znd¡+f¸yq}p5© lwxdalwdlws|lmv'x ~ q'x{pmf\{+v'x ~ lws|lmv'x<{bxdv'ueq}pmf\{\«
¶x ~ ¡
®xl¢s8¥yJv'ndprqg{(ndlws|fIÅ
M¿ pwf8{ ~ ¡\pmq'lm{ ~ © q7sulw¤tqtsulwv7x ~ f\{,{(Kxq'y{|f\{ ?¸pmnz¿¸f
s ? b¿ f+u'lr£7nf\{0Å ~ ¡+prq}lr{f\x7su|fpY© q'
s|lm¤:q}s|lmv'x ~ n xdf+nduv'xf
¼´£Znq}x ~ pwfy<v's|f\x7sulwf\pegf\eodq}xq'lwuf ~ ¡\yq'{u{(fpmq¹{(f\ndlwp ~ © q'
s|lm¤:q}s|lmv'xS{|Kxq}yds|lr£7nf8½)f+s,p5© q7sulw¤tqtsulwv7x ~ f\{O{|7¿
xq}y{|f\{ ~ n1xdf\nduv'xdf7«d·¶q'x{bpwf8{ ~ f\nz+q7{+¥zlmpr{{(v7xZsbx¡+'pmlm'f\q'dpmf\{\«




Áf+sÁ(ÁCÅ ~ ¡\pmq'l0f+xZs|ufpY© q'
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v7x ~ ndlr{(f\xZsbª ~ f8{
v'x ~ l¢sulwv7x{ÊlwegyJ¡+qtsulw¤7f\{b{(npwf8{ÊsZyJf\{ ~ f

v7xdxdf8s|lmv'x<{P£7nlzf
zlm{(s|f\xZs f\xZs|ufÊpmf\{ ~ l¢±C¡+uf+xZs|f8{Pxdf\nd|v7xdf\{\«'f\{P+v'x ~ lws|lmv'x<{ ~ v'lm¤'f\x7sP»+s|ufÊf\x,f+±Jf+sI{|q}s|lr{³´q'l¢suf\{ yJv'nd
£Zn0© ndx1eOv ~ c\pwf){|v'lwsf+x1q'\
v' ~ q:¤7f\¸pmf\{begf\{|nduf\{bu¡\q}pmlr{(¡\f\{b{(npwfu¡\{|f\q}n «
' -*   
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su¡,¡\eOf\|7f\q'x7s ~ © ndx¯|¡8{(f8q}n ~ n§su|v7xg
¡+u¡+uq'pY«EjKegl¢sua f
sq}pmpY«  	Wv7xZs{|nd'7¡+u¡





su¡O\q}yq'dpwf ~ foegf+s(s|ufOf+x§¡\¤Kl ~ f\x
f,ndxdf,s|f\pwpmfOq7sulw¤Klws|¡'«JPq}¸v'ydyJv7{|lws|lmv'x0¥ ~ © q}nzsu|f8{¶q'nzs|f\ndu{
v'xZs¨yduv'yJv7{|¡ ~ fU
v7x{(l ~ ¡\|f\g+f\{uZs|adegf8{
v'egegfXpmfX|¡8{(ndpwsuq}s ~ © lmxZs|f\uq7s|lmv'x<{glwxdalwdlws|ulr
f\{¨|¡8
lmyd|vz£Zndf8{,f\xZs|uf
~ lw±J¡\|f\xZsu{ÊsKy<f8{ ~ f)xdf\nduv'xdf8{¸¼Y}© f\{(s(¿Âªt¿ ~ lm|f¸ndxdfq7s|lm¤Kl¢su¡ ~ f)|¡8{(f8q}n<½
  «
·¸q}x{¶






ndpmlmc+ufg£ZndlÊ{(f\uqnzsulwpmlr{(¡\f¨yq})prqU{|ndlws|fWÅ {|lIv7x¯³´q}lwsndxdf+v'ndydn|f ~ q'x{)pmf|¡8{(f8q}n f
so£Zn0© v'x lmxZs|uv ~ ndlws
p5© q7s|lm¤Kl¢su¡qts|s|f\x ~ ndfª+f
sWf\x ~ uv'lws\¥'v7x ~ f+¤Kq}lwsW|f+s|uv'nd¤7f+Pª)aq'£Zndff\x ~ uv'lws ~ nu¡\{|f\q}nOp5© q7s|lm¤Kl¢su¡v'<{(f\|¤7¡+fq:¤tq}xZs
prq
v7ndydnduf'«t¶x ~ ¡+egv7x7su|f\uq ~ © q'<v7 ~ £ZndfIpmq'f+xc\{|f ~ f\{¡+ylm{|v ~ f\{ f\{(slmx ~ ¡+yJf+x ~ q}xZs|f ~ © ndx¡+ylm{|v ~ fªp5© q}nzsu|f7¥8+f\
l
f+x
v'x<{(l ~ ¡+q}xZsIpmf\{ ~ Kxq'eOlr£Zndf\{ ~ fs|v'n<{Ipmf\{xdf+n|v's|q}x{|egf
s(suf+nd{Pf+sÊpmfuf
sq} ~~ © q7sulw¤tqtsulwv7x¨f+xZsu|f¶pwf8{Ixdf\nduv'xdf8{
~ f)sKyJfoÁ|Á(Ábf
s¸pwf8{xdf\nd|v7xdf\{ ~ f)sKy<foÁÊf+s¶Á|Á«<·¸q}x{pmq¨{|ndlws|f7¥v'xXegv7x7su|f\uq£Zn0© ndxXu¡\{|f\q'n ~ fxdf+n|v7xdf\{y<q'{u{(lw³´{+¥
ªprq{|ndlws|f ~ © ndxf,
v7ndydnduff+s ~ f,pY© lwxZsu|v ~ n
s|lmv'xUª
f
s¸f+x ~ |v7l¢s ~ fop5© q7s|lm¤Kl¢su¡v'<{(f\|¤7¡+f'¥yd|v ~ nl¢s8¥Jq'nUxdlm¤'f\q'n ~ f\{
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¯Ò dÏ
 v'ndÊ³´q'lwuf¶vZ{|+lwpmpmf+bndx1|¡8{(f8q}n ~ f¸xf+nduv'xdf8{bq:¤'f\¶ndxdfyJ¡+ulwv ~ f¸su|c8{bpwv7xd'ndfg¼;',{|f\+v'x ~ f\{Êy<v7ndpmf\{byduf+eglmf+{





sq} ~~ f+¤Kuq'l¢s»+s|ufyd|¡8{(f\xZsbf\xZs|uf ~ f+nzxdf+n|v7xdf\{ ~ lmuf\suf+egf+xZslmxZs|f+
v7xdxdf8s|¡8{+¥d\q}v7xxdf)yJf+ndsyq'{





s|lm¤Kl¢su¡ ~ fa<q'£Zndf¸xdf+nduv'xf¸{|f+q}lws ~ l¢±C¡+uf+xZs|f¸suv'nzsq}npmv'xd ~ fpmqgaqt²rxf'¥z{(lws|n<qts|lmv'x1
v7xZs|q}lm|f¸q}nz
eOf8{(n|f8{WydaKz{(lmv'pmv'7lm£Zndf8{ vsuv'n{pmf\{xdf+nduv'xf\{I{\© q'sulw¤7f+xZs ~ f³´q +v'x¨{|Zx<ad|v7xdf'«Z·f¶ydpmn{+¥Zndx¨uf
sq} ~~ © q'¿
s|lm¤:q}s|lmv'xg{(Kxq'yzs|lr£Zndf ~ fp5© v7 ~ uf ~ fbpmqeglmxZnds|fbf+xZs|uf ~ f+nd,xdf\nd|v7xdf\{x0© q)q}n<
ndx,³Æv'x ~ f+egf+xZsWydaKz{(lmv'pmv'7lm£Zndf7«
 À0f\{bxf+nduv}suuq'x{(egf+s(s|f\nd{xf{|v'xZsyq7{+q'yq}dpmf\{ ~ © f
zydpmlr£7nf+ndxdf)yJ¡+ulmv ~ f ~ © q7sulw¤tqtsulwv7xq'n{u{(lEpmv'xd7ndf ~ f\{




fsu|c8{Wq}ydl ~ f£ZndlC{\© ¡\ydndlr{(ff\xndx ~ lwzlwc\egf ~ f¸{(f8
v'x ~ f'«'Àqo+v'x{(suq'x7suf ~ fsuf+egy{ydpmn{Wpmv'xd7ndf'¥
pwlm¡+f)ªOndxdfpmf+xZs|fq7s|lmv'xxdf+n|v7eOv ~ npmq}s|ulm+f'¥Kf
d
lwsuq}s|ulm+f ~ © q'<v7 ~ f
slmxdadlmdlws|ulm+f¸y<q}prqO{|ndlws|f7¥zf\{(s\q}yq'dpmf
~ © q7sulw¤7f+pmf\{xf+nduv'xdf8{ ~ q'x{prq¨{(f8
v7x ~ f'¥egq'lm{f\{(slwx<+q}y<q}dpmf ~ fpmf)³´q}lmufo{(nndxXadv7|lm¦+v7xsuf+egyJv'uf+p ypwn{
pwv7xd«z·¶v'x'¥dpwf8{xdf\nd|v's|q}x{|egf
s|s|f+nu{Ê{(Kxq'yzs|lr£Zndf\{bxf{(v7x7syq7{bf+x1egf\{|nduf ~ f)yd|v ~ nlwuf¶y<q}f+ndZ¿ eg»+egf\{
ndx¡\ydlm{|v ~ f ~ q}x{Êpmf¶u¡\{|f\q'n0¥'lmpm{Êxdf¸yJf+nd¤7f+xZsb£Zn0© gs|q}x<{(egf
s|s|ufndxf¶lmxz³Æv'ueqtsulwv7x¨f
zlr{sq}xZsÊy|¡8q}prq}dpmf+egf+xZs8«
lmx{|lY¥lwp0x © 1qOyq'{ ~ foeO¡8+q'xdlm{|egf\{{|Kxq}yzsulm£Zndf8{
v7xdxKn{by<f\|egf+s(suq'xZs ~ f)y<vZ{sundpmf+£Zndf)prqO'f+xc\{|f ~ f\{¡\ydlm{|v ~ f\{
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¶x+v'x{|l ~ c+ufeq}lmxZs|f\xq}xZsnxu¡\{|f\q'n ~ fxdf+n|v7xdf\{yq'{u{|l¢³´{Ê£ZndlEydu¡\{|f+xZs|f¶ndxdf)q'
s|lm¤Zlws|¡¸ydaKz{(lmv'pmv'7lm£Zndf7«ZjKlEv7x
³´q}lws,nxdf+v'ndydn|f ~ q}x{opwf|¡8{(f8q}n0¥q}n xlw¤7f\q}n ~ f\{,xdf+nduv'xf\{ ~ fsKy<fÁ(Á)f+s,Á(Á|Á¥ f
sO{|lÊv'x lmxZs|uv ~ ndl¢sOpY© q'
s|lm¤Kl¢su¡





















s|lm¤Zlws|¡ ~ n u¡\{|f\q'n ~ fgxdf+n|v7xdf\{¸v'ds|f+xKndfgpmv'{|£Zndf,v'x¹³´q}lws)ndxdf
v7ndydnduf ~ q}x{¸pmfg|¡8{(f8q}n0¥Eq}n¹xdlm¤'f\q'n
~ f8{xdf+n|v7xdf\{ ~ fsKyJf)Á(Á¼´q7½Êf+sÁ(Á|Á¼´<½¥f
s¶£Zn0© v'xlwxZsu|v ~ ndlwsp5© q7s|lm¤Kl¢su¡qts|s|f+x ~ ndfªg
f8{f+x ~ |v7l¢s{+« xu¡\{|f\q'n ~ f
xdf\nd|v7xdf\{yq7{|{|l¢³´{uf+yduv ~ ndlwsÊq}nxdlm¤'f\q'n ~ f8{xf+nduv'xdf8{ ~ fsKy<fÁPndxfq7sulw¤Klws|¡¶£ZndlCx0© f\{(sbydpwn<{yaZz{|lwv7pwv7'lr£Zndfo¼´8½«





{(yJ¡\+l¢®<£ZndfOpmf\{¸xdf+n|v7xdf\{ ~ f,sKy<fgÁ(Á|Á¥0³«C®<«P¼5tqZ½¥Epmf\{¸xdf\nd|v7xdf\{ ~ fOsKy<fOÁ(Á¶xdfgy<f\nd¤'f\xZs¸yq7{¸xdv'x
ydpwn<{¶q7s|lm¤'f\pmf\{¶xdf+nduv'xf\{ ~ fsKy<f,Áq}n ~ ¡\yq}|s ~ f,aq7£7nf¡+ydlr{|v ~ f«C·f,ydpwn<{+¥C
v7eOegf,|f\egq'u£Znd¡
yd|¡8
¡ ~ f+egegf+xZs\¥<pwf8{xf+nduv}suuq'x{(egf+s(s|f\nd{xdfg{(v7x7s¶yq'{¸+q'yq}dpmf\{ ~ © q'sulw¤7f+pmf\{ ~ lw±J¡\|f\xZsu{¶xdf+nduv'xf\{






¶xSf\x ~ ¡ ~ ndlws£Zndf ~ q'x{onxSu¡\{|f\q}n ~ fxdf\nduv'xdf8{oyq7{|{|lw³´{+¥ {(lbv7xSuf+egydprq'
fndxSxf+nduv'xdfyq}g{|v'xSq7s|lm¤Kl¢su¡'¥ pmf
u¡\{|f\q}nÃx0© f\{(s¨ydpwn<{+q}y<q}dpmf ~ f1yd|v ~ nlwuf1ndxdfUq'
s|lm¤Kl¢su¡yaZz{|lwv7pwv7'lr£Zndf'« lmx{|lpY© q'
s|lm¤Kl¢su¡yJ¡+ulmv ~ lm£ZndfXx0© f\{(syq'{
ndxdfOyduv'ydulm¡








ndxA|¡8{(f8q}n ~ f1xdf+n|v7xdf\{gyq7{|{|lw³´{gx0© ¡+suq'x7s\q}yq'dpmf ~ f
uf+yduv ~ ndlm|fndxdfs|f+pmpmf1q7sulw¤Klws|¡|Zs|aeOlr£Zndf'¥ v7x ~ v7l¢s ~ v7x¨³´q'lwufp5© aZKyJv}suadc\{|f£Zn0© ndxAxdf+n|v7xdfq'nzs|v7|Zs|aeOlr£Zndf'¥
+q'yq}pwf ~ f ~ ¡+eq'|uf+f
s ~ f){(v7nzs|f\xdlmÊp5© q'sulw¤Klws|¡ ~ n|¡8{(f8q}n0¥ ~ v7l¢sq}yyq}q:²rs|uf¶q'nh}¿ c+egfv'nd ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs
~ n1u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f7«
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 v'nd¶v'zsuf+xdlmnxdf,q7s|lm¤Kl¢su¡,q'nzs|v'¿5f\x7su|f+s|f\xZnf ~ q}x<{pmfou¡\{|f\q}n ¥v'xUq¤KnUydu¡\
¡ ~ f+egegf+xZs¶£Zn0© lmpf8{s¸xd¡\+f\{u{|q'lwuf
~ © lwxZsu|v ~ ndlmufondx¹xdf+nduv'xfoq}nzsuv'uZs|adeglr£7nf'¥C}© f\{(s(¿Âªt¿ ~ lwufndx§xdf+nduv'xf,£Zndl q¨ndxdfgq'
s|lm¤Kl¢su¡oyduv'yduff+s¸ndx¹|Zsuadegf
f+x ~ v'7c+xdf7«





f³´q'lwuf'¥ ~ © ndxdf¸yq'(s8¥7v7x¨¤tq,{\© q'ydydnd7f+Ê{(nd ~ f8{ ~ v7xdxd¡\f\{Êf
zyJ¡+ulwegf+xZsq}pmf\{\¥
f





s|s|f\x7sq'nu¡\{|f\q'negv ~ ¡\pwlr{(¡ ~ © q:¤'v7lwbndxX+v'egy<v7(suf+egf+xZsydaKz{(lmv'pmv'7lm£Zndf7«
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f ~ ¡\+pwf\xad¡+fgª¨p5© ¡+ydlr{(v ~ f  +q'¶p5© f+zlm{(s|f\x
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jKlpwfxf+nduv'xdf ~ f)sKy<fÁ ~ q'x{pmfegv ~ c+pmf¡
sq}lwspmfo{(f\ndp xf+nduv'xdfq'nzs|v7|Zsuadeglm£Zndfsq}x ~ lr{£Zndf)pmfxdf\nduv'xdf ~ f
sKy<fÁ(ÁW{|f+q}lwsWyq'{u{(lw³¥'pmfu¡\{|f\q'nOy|v ~ ndlmq}lwsWndxdfq7s|lm¤tqtsulwv7x ~ n¨xdf\nd|v7xdf ~ fsKyJfÁ(Á|ÁWq}n ~ ¡\yq}|s ~ fpY© ¡+ydlr{|v ~ f'«'µIx
f
±Cf
s8¥'pmf\{Ixdf+nduv'xf\{ ~ fsKyJfÁ(Á|Á |f8
f+¤Kq}lmf+xZsPndxdff+d
lwsuqtsulwv7xgyq}Wprq)
v7xdxdf+Klmv'x ?¸pmnz¿ f+u'lr£7nf ~ nxdf+n|v7xdf ~ fbsKy<f
Á¤'f\u{pwf8{xf+nduv'xdf8{ ~ fosKy<f,Á(Á(Áf
s¶nxdfolmxdadlmdlws|lmv'x§y<q}prq+v'xdxf
zlwv7x? b¿ f+u'lr£Zndf ~ n¹xdf+n|v7xdf ~ fosZyJfoÁ|Á
¤'f\u{pmf\{Êxdf+n|v7xdf\{ ~ f¶sZyJf¸Á(Á(Á¥zpmf¸xdf+nduv'xf ~ f¶sKy<f¸Á(ÁW¡+suq'x7sbf
d+l¢su¡¶yq'prqO
v'xxdf
zlmv'x4?¸pmnz¿ f+u'lr£7nf ~ nxdf+nduv'xf
~ fOsKy<fgÁ¤7f+{¸pwf8{¶xf+nduv'xdf8{ ~ fOsZyJfgÁ(Á«0ºUq'lm{¸pmfadf+eglmxdf+egf+xZs)yq'¸pmfOxdf+nduv'xf ~ fOsKyJfOÁ|Áf8{s)ydpmn{¸pwf\xZsf+s\¥












































s|lm¤Zlws|¡ ~ nOu¡\{|f\q'n ~ fxdf+nduv'xf\{ ~ fprq¸®<«d¼;tJ½¥'egf8{(ndu¡+f{|ndWpmfy<v's|f\x7sulwf\pdegf+e,duq'xq}lmuf ~ f\{Pxdf\nduv'xdf8{
~ n sKyJf¨Á¨¼´qZ½¥Á(Á¼ÆJ½)f
sOÁ(Á|Á¨¼´\½pwv7u{u£Zndf¨{|f+ndpÊpwfxdf+nduv'xf ~ fsKyJfÁ)qU¡+s|¡¨egv ~ lw®¡yJv'ndOq:¤'v7lw)ndxfq'
s|lm¤Kl¢su¡
u7suadeglm£Zndf,yduv'yduf'«CÀ0f ~ ¡+yq'(s ~ fOpY© ¡+ydlr{|v ~ f,
v
	Yx<
l ~ f,q:¤7f\)prq ~ ¡\aq'|7f ~ n§xdf\nduv'xdf ~ fosKyJf,Á£Zndl ~ ¡8
pmf+xaf
{|n++f\{u{(lm¤'f\eOf\xZsbnx ~ ¡\aq'|7f ~ f8{xdf\nd|v7xdf\{ ~ fsZyJf)Á(ÁÊf
s¶Á(Á(Á«<À q ~ ¡8aq}u'f¸lwxl¢sulmq'pwf ~ f8{xdf\nd|v7xdf\{ ~ fsZyJf)Á(Á|Á
x0© f\{(syq'{byaZz{|lwv7pwv7'lr£ZndfWÅZpwf)xdf\nduv'xdf ~ f¸sKy<f)Á|Á(ÁÊxdf ~ ¡8aq}u'f£Zn0© ªOprqg{(ndlws|f ~ © ndx1uf+Jv'x ~ yJv7{(s(¿ lwxdalwdlws|f\nd8«








zlwv7x ?¸pwnz¿ f+u'lr£Zndfbs|uc\{IlwegyJv'|suq'x7suf ~ nxdf\nduv'xdf ~ fsKy<fÁ ¤7f+{Ppwf8{Wxdf\nduv'xdf8{ ~ fsKyJfÁ(Á|Á
xdf¸y<f\nzsyq'{»
su|f{|ndydydulweg¡\f¶+q'f\pwpmf¸f\{(sÊydu¡\{|f+xZsufs|v7nzsq}npmv'x ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ nu¡\{|f\q'n¨f+e,du'v'xxq}lm|f7¥
³«yq}q}7uq'ydadf,¼´h« 7½
«
f\{P+v'x{|l ~ ¡+qtsulwv7x{xdf{|v'xZsP¤:q'pmq'dpmf\{P£ZndfyJv'ndWnxOegv ~ c\pwfegvt'f\xdxd¡ ~ nu¡\{|f\q'nof+e,du'v'xxq}lm|fÊvª)aq7£Zndf
f
d+l¢sqts|lmv'x {|Kxq}yzsulm£Zndfuq'ydl ~ f ?¸pwnz¿ f+u'lr£Zndf
v7|uf\{|y<v7x ~ ndxdfq7s|lm¤tqtsulwv7x ~ n xdf+n|v7xdfy<vZ{s|¿ {|Kxq}yds|lr£7nf'« ·¸q}x{
ndx egv ~ c+pmfxdv'x¯egvt'f\xdxd¡£ZndlW{(f\uq'l¢s ~ v7xg
v7eOyJv7{|¡ ~ © ndxdfg³´q}eglmpwpmf ~ fxdf\nduv'xdf8{¶y<q}sKy<f7¥0v'x yJv'nduq}lws¸egv}¿
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~ ¡\pwlr{(f\,nx f
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f¨+q7{+¥Ev7x y<v7nd|q}lws)f+xK¤Klm{uq}7f+)£Zndf¨{|f+ndpmf+egf+xZsndxfyq}|s|lmf ~ f\{)xf+nduv'xdf8{ ~ fgsKy<fÁ{|v'lws
q}nds|v'uZs|adeglr£Zndf¼ :½suq'x ~ lr{£Zndf)p5© q'nzs|ufyq}|s|lmf ~ f\{bxf+nduv'xdf8{ ~ fsKy<f)Áb{|v'xZsyq'{u{|lw¤7f'«zºUq}lr{\¥dpwf8{xdf\nd|v7xdf\{ ~ f
sKy<f xf ~ f+¤tq'x7s¶yq'{q7sulw¤7f+pmf\{xf+nduv'xdf8{ ~ fosZyJfÁ|Á(Áq:¤tq}xZs£Zndfpmf\{xf+nduv'xdf8{ ~ f)sKyJfÁ(Áq'lwf\xZspwf)suf+egy{
~ f,pwf8{lmxdadlm<f\\¥Cprq{|¡\£Zndf\x
f ~ © q7s|lm¤tqtsulwv7x§{(f\uq'l¢sq}pmv'{0Å ~ © q'<v7 ~ pmf\{¶xdf\nd|v7xdf\{ ~ fsKyJf }¥Jydndlr{¸pwf8{xdf\nduv'xdf8{
~ f1sKyJfXÁof
s¨Á|Á,lmxdadlmq'x7s®<xq}pmf+egf+xZspmf\{xdf\nduv'xdf8{ ~ f1sZyJfXÁ(Á|Á«Ilmx{|lpmfXeOv ~ c\pwf1egvt'f\xdxd¡X




egvt'f\xdxd¡ov7x§q'{u{|ndegf'¥Jlwegydpmlm+l¢suf+egf+xZs8¥C£Zn0© ª¨p5© lwxZs|¡\|lmf+n ~ © ndxdf,³´q}eglmpwpmf ~ f,xf+nduv'xdf8{o¼ÆsZyJfOÁ¥JÁ|Áf
sÁ(Á|Á(½¶lwpx0© Uq
yq7{ ~ © ad¡
su¡+uv''¡\xd¡+lws|¡7¥<'© f8{s|¿ ª}¿ ~ lmuf¸v7xUq'{u{(neOf£Zndfopwf8{xdf\nd|v7xdf\{ ~ f)sKy<foÁ¥yq'f
zf+egydpmf'¥<v'xZssuv'n{pwf8{eg»+egf\{
+q'uq7su¡+ulm{(s|lr£Zndf\{b¡\pwf8s|uv'yaZz{|lwv7pwv7'lr£Zndf\{bf+spwf,eg»+egf,+v'egy<v7(suf+egf+xZs¶q'nU
v7ndu{ ~ nXs|f\egy{f+s¸£Zn0© lwpx0© f
zlr{sufyq'{






egv ~ c+pmf)egvt'f+xxd¡'¥Kpmf)xdf+nduv'xf ~ f¶sKyJf)Á¥{|f+ndp5¥zxdf)yJf+nzsyq7{ ~ ¡+eq'|uf+bp5© q7s|lm¤Kl¢su¡'«
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lwsuqtsu|lr
f8{P{(nWpwf8{Wxdf\nduv'xdf8{


















































s|lm¤Kl¢su¡ ~ n,u¡\{|f\q'n ~ fbxdf\nd|v7xdf\{\¥ ~ fbpmq¶®<«K¼ ;t<½
¥}egf\{|ndu¡+fb{(nd pmfby<v's|f+xZsulwf\pzeOf\eodq}x<q}lm|f ~ f\{ xdf\nduv'xdf8{
~ n¯sKy<fÁg¼´qZ½¥Á(Ág¼Æ<½f+sÁ(Á|Ág¼Y\½¸pmv'{|£Zndf{|f+ndpIpwfxdf\nduv'xdf ~ fgsKyJfÁ(Áq1¡
s|¡egv ~ lw®¡yJv'ndoq:¤7v'lmndxdf¨q'
s|lm¤Kl¢su¡
u7suadeglm£Zndfy|v7yd|f7«}À q ~ ¡8aq}u'f ~ ngxdf\nd|v7xdf ~ fsKyJfÁ(Á ~ ¡+eq}uufÊp5© q'sulw¤Klws|¡ ~ nu¡\{|f\q'n0«tÀW© ¡+ydlr{|v ~ f{(f ~ ¡8
pmf+xaf
{|f+ndpmf+egf+xZs¶£Znq'x ~ pmf\{xdf+nduv'xf\{ ~ f)sKy<f,Á(Á(Á{\© q'sulw¤7f+xZs\«J·¶q'x{+fo+q7{p5© q7sulwv7xXxdf+nduv'egv ~ ndprqtsu|lr
f)f8{s¸|f+suq' ~ ¡\f
yq'uq'ydy<v7(sq}n ~ ¡\yq}|s ~ fpY© q'
s|lm¤Kl¢su¡'¥ ~ ¡\eq}u|¡\f¶yq'pwfxdf\nduv'xdf ~ fsKyJf)Á(Á«
¡
sq}lmf+xZsIyq7{|{|lw³´{+¥Zpwf|¡8{(f8q}nf+e,du'v'xxq}lm|fbyduv ~ ndlmuq'l¢sndxdf¶q7sulw¤Klws|¡£Zndl ~ fxv'nd¤7f\q}ngxdf¸{(f\uq'l¢sWy<q'{ydaKK{|lmv'pmv''lr£Zndf
+q'p5© v7 ~ |f ~ © q7s|lm¤tqtsulwv7x ~ f\{¶xdf\nd|v7xdf\{¶{(f\uq'l¢s¶Á(Á¥E{(nlw¤Klyq}¶Á(Á(Áf
sydndlr{Á«0¶xUyJf+nzs¤'v7lw¸{(nd¸pmf\{®'nduf\{,¼DZ½f
s
¼8}<½Ê£Zndf)pmfeOv ~ c\pwf)egvt7f+xdxd¡ ~ fprq,®« ¼ ;t<½Êy|f\x ~ lwf\xf\xX
v'egyzsuf)
f\{+v'x{|l ~ ¡+qtsulwv7x{+«
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Neuron of Type II 














Neuron of Type II 












Neurons of Type III 
Neurons of Type III 
and the activation of the neurons of type I and II
and the activation of the neurons of type I and II
time lag between the activation of the neurons of type III




f ~ © q7sulw¤tqtsulwv7x ~ f8{xdf\nd|v7xdf\{ ~ n u¡\{|f\q'n¯pmv'{u£7nf¨pwfxdf+nduv'xf
~ f1sKyJfXÁof\{(s¨pmf1{|f+npxdf+n|v7xdfXq}nzsuv'u7suadeglm£Zndf ¼Yq7½,f
s¨pmv'{|£Zndf1pmf1xdf+nduv'xf ~ f1sZyJfXÁ(ÁOf\{(spwfU{|f+npxdf+nduv'xf
q}nds|v'uZs|adeglr£Zndf¶¼´<½«t v'nuf+yduv ~ ndlm|fIndxdfbq'sulw¤Klws|¡Êf+x,v'ydyJv7{|l¢sulwv7x ~ fÊydaq7{(f7¥\v7xolmx7su|v ~ nl¢sndx ~ ¡+prq}l ~ © q7sulw¤tqtsulwv7x
f+xZsu|fpmf\{)xf+nduv'xdf8{ ~ fsKyJf¨Á(Á|Á¸f+spwf8{)xdf\nd|v7xdf\{ ~ fgsKy<f¨Á¸f
s,Á(ÁCÅ ndxf¨q'sulw¤tq}s|lmv'x ~ f\{oxdf+n|v7xdf\{ ~ fgsKyJf¨Á(Á|Á
~ ¡8
pmf+xadf¸ndxdf¸Jv'nz±C¡+f{(nÊpmf\{Êxdf\nduv'xdf8{ ~ f¶sKy<f¸ÁIf+sÊÁ|ÁIq}y|c8{Ê,{+«z·¸q}x{Êpmf\{ ~ f\nz+q7{+¥Zpwf¸egv ~ c+pmfyd|v ~ nl¢s ~ f\{
{|¡\£Zndf+x<
f\{ ~ © q7s|lm¤Kl¢su¡)£7nl0xdf
v7|uf\{|yJv'x ~ f\xZsyq7{ªgpmqOydaKz{(lmv'pmv'7lwf7«
¶x{uq}lwsbf
zy<¡\|lmegf+xZsuq'pwf\egf+xZsb£Zndfpmf\{ ~ f\nzxdf\nd|v7xdf\{ ~ f¸sKy<fÁWf+sÁ(Á{|v'xZsb¡+pmf\
s|uv'ydaKz{(lmv'pmv'7lm£Zndf\egf+xZsIl ~ f+xz¿
s|lr£Zndf\{\«:Wndlr{|£Zndfbq}n<
ndx ~ f\{xdf\nd|v7xdf\{ ~ fsKy<fÊÁ0v'n ~ fIsKyJfbÁ(Á0xdfÊyJv'nduuq'l¢s»
su|fpwfb{(f\ndpKxdf+n|v7xdfq'nzs|v7|Zs|aeOlr£Zndf'¥
prqXxd¡\+f\{u{(lws|¡ ~ f¨p5© f+zlm{(s|f\x
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s ~ fp5© q7s|lmv'x ? Ê¿5f\|7lm£Zndf ~ n
xdf\nd|v7xdf ~ fsKyJfÁ(ÁP¤7f+{P




lwsuq}s|ulm+f ~ ngxdf+nduv'xf ~ fbsKy<fÁ¤'f\u{pmf\{Pxdf\nduv'xdf8{ ~ fbsKy<fÁ|Á(Á«'Àq)
v'xxdf
zlmv'x




v7xdxdf+Klmv'x1¡+suq}lws¸{|ndydy|lmeg¡+f'¥<pwfodpwvz\q}'fsuv}sq}p ~ fpY© q'









·¶v'x'¥ ª1pY© lmx7su¡+ulwf\nd ~ n u¡\{|f\q'n¹f\eodu'v7xdxq'lwuf,lmpI q1ndx +K+pwf¨+v'egydpmc
suf+egf+xZsf
d+l¢sqts|f\nd Å pwf¨xf+nduv'xdf ~ f











t (s) t (s)
t (s)
























































~ fgÁ¤7f+{¸Á(Á(Á¥0ªprq{|ndlws|f ~ n¯dpmvz+q}7f ~ fOprq{(Kxq'y{(f? b¿5f\|7lm£Zndf1¼Æf+z+l¢sqtsu|lr
fOf
slmxdadlmdlws|ulm+f8½ ~ n¯xdf+nduv'xf
~ fsKy<f1Á(Áo¤'f+{,pwf8{,xf+nduv'xdf8{ ~ fsKyJfÁ|Á(Á«PµWxÃaq}nds\¥P¡+¤7v'pmnzs|lmv'x s|f+egyJv'uf+pmpwf ~ nÃy<v's|f+xZsulwf\peOf\eodq}x<q}lm|f ~ n
xdf\nd|v7xdf ~ fgsKy<fÁ¥0f+x q7{)¡+¤7v'pmnzs|lmv'x¹s|f\eOyJv'uf+pmpmf ~ n y<v's|f+xZsulwf\pWegf+eouq'xq}lm|f ~ f8{)xdf\nd|v7xdf\{ ~ fgsZyJfÁ(Á|Á«qZ½
q:¤'f8I+v'xdxdf+zlwv7xof
d+l¢sqts|ulr
























{|f+ndpmf+egf+xZs ~ q}x{Ppmf\{Iyduf+eglwf\u{I{sq ~ f8{ ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs\¥7£Znq'x ~ pmqo
v'xxdf
zlmv'x ? b¿ f+u'lr£Zndff\{(sWf
d+l¢sqts|ulr
f'¥
v'n ~ q'x{bpwf8{{(suq ~ f\{{|ndlw¤tq'x7s{bf+xdpmvK£Znq'xZspmqg
v7xdxdf+Klmv'x ? b¿ f+u'lr£Zndflwxadlwl¢su|lr
f7«
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s|lmv'xXxdf\nd|v7egv ~ ndpmq}s|ulm+f ~ q}x{
pmf)|¡8{(f8q}nf\eodu'v7xdxq'lwuff8{sq'n{|{|lEu¡\q}pmlr{(¡\f¶yq'pwfxdf\nduv'xdf ~ fsKyJf¸Á«
M¿  .	N	   :  -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s8¥ {|lPv'x {(ndyy<vZ{(f£Zndfgpwf8{xdf+n|v7xdf\{ ~ fgsKyJfOÁ¸f
s)Á|Á¸{|v'xZs)q}nzsuv'u7suadeglm£Zndf8{f
s£Zndfgpwf8{
xdf\nd|v7xdf\{ ~ fsKyJfÁ(Á|ÁW{(v7x7spwf8{I{|f+ndpr{I£ZndlJyduv ~ ndlm{|f+xZsWp5© q7sulwv7xxdf+nduv'egv ~ ndprqtsu|lr
f7¥'q}pmv'{ ~ q'x{Wpmf
egv ~ c+pmf,egvt7f+xdxd¡,pY© ¡+ylm{|v ~ fof8{s)+q'uq7s|¡\|lr{|¡)yq} ~ f\{¸Jv'nz±C¡+f8{¸lwxdlws|lrq}pmf\{¸£ZndlP{(v7xZs ~ lm|f8suf+egf+xZs
pmlw¡8{)ªprqx<qts|n|fO|Zsuadeglm£Zndf ~ f8{ ~ f+nz§xf+nduv'xdf8{+¥E
³«C®«P¼:}qZ½f+sg:t<½
¥E+q}p5© q7sulw¤tqtsulwv7x ~ f8{
xdf\nd|v7xdf\{ ~ fbsZyJfÁf
sWÁ(Áf+egyJ»\adfpmf\{Wxdf+nduv'xf\{ ~ fbsKyJfÁ(Á(Á ~ f ~ ¡\yq'{u{|f+Ppmfb{|f+nlwp ~ © q7s|lm¤tqtsulwv7x0¥
³«d®« ¼(8'\½«
n ~ ¡+yq'(s ~ fpY© q'
s|lm¤Kl¢su¡'¥ ~ f\{vZ{|+lwpmprqts|lmv'x<{y<¡\|lmv ~ lr£7nf\{{\© v7{|f+u¤'f+xZs{|ndpmf\{xdf+nduv'xf\{ ~ fsZyJf
Á¼Æf+z+l¢sqtsuf+nd½f
s,Á(Á¼Ælmxdadlmdlws|f+n½ydndlr{|£Zndf¨p5© q'sulwv7x xdf+nduv'egv ~ ndprqtsu|lr
fgf8{s,q'{|f+xZs|f7«f¨ydad¡+¿
xdv7eOc\xdf¨{\© q'|u»
sufg£Znq'x ~ pwf ~ ¡+yda<q'{uq}'fgf\x7su|fpmf\{<v7nz±J¡\f\{ ~ f\{xf+nduv'xdf8{ ~ fgsKy<fÁ¸f+sÁ(Áf\{(s
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 8dÅsulw¤Klws|¡ ~ nO|¡8{(f8q}n ~ fÊxdf+n|v7xdf\{ ~ fÊpmq®«z¼;}<½¥:egf\{|ndu¡+fÊ{(ndpmfyJv}suf+xZs|lmf+pKegf+e,duq'xq}lmuf ~ f\{xdf\nduv'xdf8{
~ nOsKy<fÁÊ¼Yq7½¥'Á(Á¼Æ<½Pf
sWÁ(Á|Á¼´\½pmv'{u£7nfÊpmf\{Wxdf+nduv'xf\{ ~ fbsKyJfÁf+sWÁ(ÁP{|v'xZs ~ f\{Pxf+nduv'xdf8{Pq}nzsuv'uZs|adeglr£7nf\{ f
sÊ£7nf
p5© q7s|lmv'xxdf+n|v7eOv ~ npmq}s|ulm+ff\{(sbpwlmegl¢su¡+f)q}nzxdf\nduv'xdf8{ ~ f¸sKyJf¶Á|Á(Á«dÀW© ¡+ylm{|v ~ f¶f8{s+q'uq7su¡+ulm{|¡yq' ~ f\{Ê<v7nz±C¡+f\{
lmxdl¢sulmq'pwf8{ ~ lmuf\suf+egf+xZs pmlm¡\{ ªbprqxq}s|ndufWq}nds|v'uZs|adeglr£Zndf ~ f8{0xdf\nd|v7xdf\{ ~ fPsKy<fIÁJf+s Á(Á«:ÀW© q'
s|lmv'xxdf\nd|v7egv ~ ndpmq}s|ulm+f
f\{(sxdf+s(s|f\egf+xZs|f+suq' ~ ¡\f¶y<q}q}ydyJv'|sbq'n ~ ¡+eq}uq}'f ~ f)p5© q7s|lm¤Kl¢su¡'«
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¶x1{|q'l¢sbf
zyJ¡+ulwegf+xZsq}pmf+egf+xZs£Zndf¶prqg{sulwe,ndprqts|lmv'xq}ydl ~ f ~ nu¡\{|f\q'nf\eodu'v7xdxq}lmuf ~ v'xxdfpwlmf+n
ª ~ f8{)¡+ylm{|v ~ f\{\q}q'
s|¡+ulr{(¡8{¶y<q}ndxf{(f\ndpmf¨<v7nz±C¡+f'«P¶\¥{(ndopwf¨egv ~ c\pwfegvt'f\xdxd¡ ~ fpmq®<«









f8{ ~ f\|xlwf\u{xdfoyJf+nd¤7f+xZsyq7{q'ydy<v7(suf+¶ndxdf,q7sulwv7xXxdf+nduv'egv ~ ndprqtsu|lr
f{uq}x<{£Zndfpmf\{¶¡+ydlr{|v ~ f\{
~ f8{xdf+nduv'xf\{ ~ f,sZyJfgÁf+sÁ|Á¶q'lwf\x7sq'n§egv'lmx{ ~ f\nzU<v7nz±C¡+f\{)\q}p5© q7s|lm¤tqtsulwv7x ~ f8{xdf+nduv'xf\{
~ fsKyJf¨Á(Á|Áf+xZs|q:²ÇxdfgpY© q'






pmnzsU£7nf¹p5© q7sulw¤Klws|¡ xdf+n|v7eOv ~ npmq}s|ulm+f ~ v7l¢sX»+s|uf ~ ¡8
pmf+xa¡+f q}n ~ ¡+eq}uq}'f ~ f
aq7£7nf¸¡\ydlr{(v ~ fyq'pwf)xdf\nduv'xdf ~ fsKy<f)Áf
sB:v'nÁ(Á«
ºUq'lm{\¥Cydndlr{|£ZndfOpwfgxdf\nduv'xdf ~ fOsZyJfOÁ(ÁxfOyJf+ndsy<q'{{(fOyduv}f+s|f+{|ndpwfOxdf+n|v7xdf ~ fosKyJfOÁ¥ClmpPxdfO|f8{sufO£Zndfgpmf






f ~ © q'
s|lm¤:q}s|lmv'x ~ f+¤Klmf+xZs ~ v'x<PÅdq'
s|lm¤:q}s|lmv'x1{(Kxa|v7xdf ~ f8{xdf\nd|v7xdf\{ ~ f¸sKyJf)ÁIf
sÁ|Áyndlm{q7sulw¤tqtsulwv7x
~ f8{bxdf+nduv'xf\{ ~ fsKyJf¸Á|Á(Á¥J³«z®<«0¼\hZ½¥d+v'egegf)
f+prqOf\{(sf
zyJ¡+ulwegf+xZsq}pmf+egf+xZsv'{|f+u¤'¡7«
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f+u'lr£Zndf ~ nSxdf+nduv'xf ~ fsZyJfÁ)¤7f+{pmf\{,xdf+n|v7xdf\{ ~ f¨sKyJfÁ|Á(Á« ·fydpmn{+¥pmf\{,xdf+nduv'xf\{ ~ f¨sKy<fÁ(Á|Á ~ v'lm¤'f\xZs
 &R"!
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s|lm¤Zlws|¡ ~ n u¡\{|f\q}n ~ f¨xdf+n|v7xdf\{ ~ f¨prqX®<«¼;}<½¥pmv'{|£Zndfpmf\{,xdf+n|v7xdf\{ ~ f¨sKy<fÁ)f
s,Á|Á{(v7xZs ~ f\{
xdf\nd|v7xdf\{bq'nzs|v7|Zs|aeOlr£Zndf\{f
s£Zndfp5© q7s|lmv'xxdf+n|v7eOv ~ npmq}s|ulm+ff\{(spwlmegl¢su¡+f)q}nd¨xdf+nduv'xf\{ ~ f¸sZyJfÁ(Á|Á¥zeOf8{(n|¡\f
{|ndpmfUyJv}s|f\xZs|lmf+pegf\eodq}xq'lwuf ~ f8{¨xdf\nd|v7xdf\{ ~ fXsKy<f¹ÁX¼Æf+x aq}nzs½gf
s ~ fXsKyJfUÁ(Á|ÁU¼Æf+x q'{½«Êq7½{|l¢sunqtsulwv7x
lmxdl¢sulmq'pwf7¥Zq:¤7f\+v'egyJv'|s|f+egf\x7sÊ|Zsuadeglm£Zndf¶xqtsund|f\pY«Z<½WÁÂxndf\x
f ~ f\{Ê{(s|lmeondprqtsulwv7x{q:¤7f\bndxf¶yJ¡+ulwv ~ f ~ f ;''{{(nd
pmf\{xf+nduv'xdf8{ ~ f)sKyJfÁbf
sÁ|Á{(nd¶pwfoxdv'e,d|f ~ f<v7nz±C¡+f\{yq}¡+ydlr{(v ~ f)f+s¸{|ndp5© q7sulw¤Klws|¡uZs|adeglr£7nf ~ nXu¡\{|f\q}n «
À0f8{{sulwe,ndprqts|lmv'x<{Ê{|v'xZsblwx ~ lm£Znd¡\f\{byq' ~ f\{Ê¡+s|v'lmpmf\{\«dÀ0f\{{(s|lmeonpmq}s|lmv'x{Êq}ydl ~ f\{Êxdf){|v'xZsyq'{bªOeg»+egf ~ © f+egy<»8adf+






2nd Burst 3rd Burst  4th Burst
1st Burst
depolarisation












0 7.8 10.42.6 5.2
−68.4
  +h<Åv'egyq'uq'lm{|v'xf\x7su|f¶pwf¶y<v's|f\x7sulwf\p ~ f\{xdf+n|v7xdf\{ ~ f¶sZyJfÁ¥KÁ|ÁWf
sbÁ(Á|ÁI£Znq}x ~ pwf8{xf+nduv'xdf8{ ~ f¶sKy<f¸ÁPf
s
Á(ÁW{|v'xZsq'nzs|v7|Zsuadeglm£Zndf8{Pf
sb£7nfpwf¶xdf+n|v7xdf ~ fsKyJfÁPq}yy<v7(sufndxdf¸q'sulwv7xgxdf+nduv'egv ~ ndprqtsu|lr
f¶ªs|v7nzsIpmfu¡\{|f\q}n «
Wndlr{u£7nfpY© q'
s|lmv'x xdf+n|v7eOv ~ npmq}s|ulm+f,f+Klr{(s|f ~ c8{)pwf ~ ¡+eq}uuq''f ~ fp5© ¡\ydlm{|v ~ f'¥ pwfegv ~ c+pmfyduv ~ ndlwsndxdf¨q'
s|lm¤Kl¢su¡




s|lm¤tqts|lmv'x ~ f8{bxdf+nduv'xf\{ ~ fsKyJf¸Á|Á(Á£Zndl ~ ¡8
pmf+xadf\xZsª,pmf+nbs|v'npmqOJv'nz±C¡+f{|ndlm¤:q'xZs|f'«
RERTSU:VWXY
}  K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µWx f+±Jf+s\¥ yJv'ndOq:¤'v'lmndxS¡+ydlr{(v ~ f7¥ prqUJv'nz±C¡+f+¿5uf+Jv'x ~ ~ f\{oxdf+nduv'xf\{ ~ f¨sKy<fÁ(Á|Á ~ v'lws ~ ¡8
pmf+xaf+oprqXJv'nz±C¡+f
~ f8{xdf\nd|v7xdf\{ ~ f)sKy<foÁÊf+sÁ(Áq'yd|c8{ndx ~ ¡\pmq'lY¥J³«®«¼+hK½«Ef\{ ~ f\nzX
v'xxdf
zlmv'x{{|v'xZsªp5© v'ulw7lwxdf ~ © ndxU+z
pmf
f
d+l¢sqts|v7lwuf'¥z£Zndl5¥df+x1ydaKz{|lwv7pwv7'lmf'¥Zx0© f\xZs|q:²Çxdfyq'{ ~ © v7{u
lmpmpmq}s|lmv'x{Êsu|c8{buq'ydl ~ f\{ ~ q}x<{pwfu¡\{|f\q'nf+e,du'v'xxq}lm|f7«
À q¶ydu¡\{|f+x+f ~ © ndxfÊyJ¡+ulmv ~ fu¡
³Æq'
suq}lmuf ~ © q'





À0f\{{sulwe,ndpmq}s|lmv'x{ ~ nX|¡8{(f8q}nf+e,d|7v'xdx<q}lm|fq}yduc\{ndxdf)Jv'nz±C¡+fegf+s(s|f\xZs¶f+x1¡\¤Zl ~ f\x
fnxdf)y<¡\|lmv ~ f







s\¥dª,prqo{|ndl¢suf ~ © ndxf¸Jv'nd±J¡\f'¥Kpwf¸u¡\{|f\q}n|f8{suf (lm{|v'pm¡ f+sÊxdf¸u¡+yJv'x ~
yq'{q'nz{(s|lmeondprqtsulwv7x{bf
Ks|¡\|lmf+n|f8{Êq'ydydpmlm£Znd¡\f\{q:¤tq}xZsf+xK¤Klm|v7x ~ f ;O{\¥ ~ ndu¡+fpm¡+'c\|f\egf+xZslwxz³Æ¡\|lmf+n|f
ª,p5© lwxZs|f\|¤tq'pwpmf ~ f¸s|f+egy{f+xZs|uf ~ f+nz<v7nz±C¡+f\{o¼Æf+xK¤Klm|v7xg{u½
«














zlmv'x ? b¿ f+u'lr£7nf,lmxdadlmdlws|ulm+fOx © f+Klr{(s|f
yq7{¼ ~ q'x{Ppmf\{ yduf+eglmf+{P{sq ~ f8{ ~ f ~ ¡+¤7f+pmv'ydyJf+egf\x7s ~ ngu¡\{|f\q'n,f\eodu'v7xdxq}lmufIv'n£Znq'x ~ f\pwpmff\{(s
dpmvz£7n¡+f¸yq}bndxdfq}yydpwlr+q}s|lmv'x ~ f¸lm+n
ndpmpmlwxdf:½¥zp5© q7sulw¤Klws|¡ ~ nu¡\{|f\q'n0¥7egf8{(ndu¡+f{|ndpmfy<v's|f\x7sulwf\p
egf+e,duq'xq}lmuf ~ n xdf+n|v7xdf ~ f¨sKyJf¨Á¥ y|¡8{(f\x7suf¨ndxdf{(f\ndpwf<v7nz±J¡\fyq'¡+ylm{|v ~ f'«À0f¨egv ~ c+pmf
ydu¡\{|f+xZs|fnxdfq'
s|lm¤Zlws|¡¶{(lmeglwprq}lm|f7¥}³«'®«¼(!;7½«7º§q}lr{+¥}pmfyJv}s|f\xZs|lmf+pegf\eodq}xq'lwuf ~ nxdf+n|v7xdf ~ f
sKy<fÊÁEf\{(s\¥t£Znq'x7s ªpmndl5¥:\q}q'
s|¡+ulr{(¡Pyq' ndx,¡+yq'ndpmf+egf+xZs ~ ,ªp5© q'sulwv7xf
d+l¢sqts|ulr
f ~ f\{xdf+nduv'xf\{












neurone de type I et II
neurone de type III
épaulement
delai d’activation de III vers I et II


















s|lm¤Zlws|¡ ~ n1u¡\{|f\q'n ~ f)xf+nduv'xdf8{ ~ f)prqo®<« ¼ ;}q7½
¥zegf\{|nd|¡\f){(ndpmf)yJv}s|f\xZs|lmf+p0egf+e,dq}xq'lwuf
~ n¨xf+nduv'xdf ~ fsKy<fÁ¼´q7½Pf
sÊ{|ndpwfyJv}suf+xZs|lmf+pJegf+e,duq'xq}lmuf ~ nxdf+n|v7xdf ~ nsKyJfÁ(Á|Á¼Æ<½
¥7pmv'{u£7nfpwf8{Ixdf\nduv'xdf8{
~ f§sZyJfUÁf+sÁ(Á¨{|v'xZsq'nzs|v7|Zs|aeOlr£Zndf\{\« ~ uv'lws|f'¥Ê{(¡8£Zndf+x+f ~ © q'
s|lm¤:q}s|lmv'x ~ f8{¨xdf\nduv'xdf8{+«¶x­|f\egq'u£ZndfXnx
¡+y<q}ndpmf+egf+xZs{|ndpwf)yJv}suf+xZs|lmf+p eOf\eodq}x<q}lm|f ~ n1xdf+n|v7xdf ~ fsZyJf)Á£Zndl x0© f8{sy<q'{bydaKz{(lmv'pmv'7lm£Zndf7«
ndxdfq7sulwv7xof
d+l¢sqts|ulr
f ~ f\{ xdf\nduv'xdf8{ ~ fsKyJfÁ(Á|Á ¤'f\u{Áf\{(sWndxdf+q'uq7s|¡\|lr{(s|lr£7nfIydaKz{(lmv'pmv'7lm£Zndf
~ n u¡\{|f\q'n0¥Clwpf
zlm{(s|f ~ f\{eg¡\\q}xdlr{(egf8{£Zndl ~ v7lw¤7f+xZs ~ ¡\{uq'
s|lm¤'f+)pmf¨
z+pwff+z+l¢sqtsuf+nd)ydu¡\{|f+xZsª
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v7x{|lm{(s|f¶f+xnx¡+ylm{|v ~ f¸+v'egyJv7{|¡ ~ f¶ydpwn<{(lmf+nd{Ê<v7nz±C¡+f\{Ê£ZndlCv'xZs












neurone de type I et II
neurone de type III
delai d’activation de III vers I et II
*
























 ¶!=dÅ$ 7q'nadf'¥Pq7s|lm¤Kl¢su¡ ~ n°|¡8{(f8q}n ~ fxf+nduv'xdf8{+¥ ~ fprq¹®«¶¼;}qZ½Oq:¤'f\pmf\{gxdf\nd|v7xdf\{ ~ f1sKyJf1Á,f+sgÁ|Á
q}nds|v'uZs|adeglr£Zndf\{\¥egf8{(ndu¡+f {|ndpmf y<v's|f\x7sulwf\peOf\eodq}x<q}lm|f ~ n xdf\nduv'xdf ~ f¹sZyJf¯Á¹¼´qZ½¨f+s1{|nd1pmf¹yJv}suf+xZs|lmf+p
egf+e,duq'xq}lmuf ~ nOxdf+nduv'xf ~ nosKy<fbÁ(Á|ÁI¼ÆJ½pwv7u{u£Zndfaq7
ndx ~ f\{xdf\nd|v7xdf\{ ~ n,|¡8{(f8q}nf8{sP{(s|lmeondpm¡)¼Æprq¶{(s|lmeondprqtsulwv7x
f\{(slmx ~ lr£Znd¡+f,yq}¶ndxdf¡+s|v'lmpmf8½«C ~ |v7l¢suf'¥<{|¡\£Zndf\x
f ~ © q7sulw¤tqtsulwv7x ~ f\{xdf+n|v7xdf\{lwx ~ ndl¢sufoyq'prq{(s|lmeondprqtsulwv7x0«<À f
xdf\nd|v7xdf ~ fbsKyJfÁ(ÁPq){|f+ndpmf+egf+xZsWndxfq'
s|lmv'x ? b¿ f+u'lr£Zndfbf
d
lwsuq}s|ulm+f{(lv'x¨
v7x{|l ~ c\|fbpmf\{Py|f\eOlmf+{Cv7ndu{ ~ n
~ ¡\¤'f+pmv'yy<f\eOf\xZs ~ n¨u¡\{|f\q'nv'n¨nxq'





v7x ~ f8{+¥zf\pwpmf|f\yd|¡8{(f\xZs|f¸pmqgeq}£Zndf ~ n ~ ¡+prq}l ~ © q'
s|lm¤tqts|lmv'x1f\x7su|fpmf\{bxdf\nduv'xdf8{ ~ f¸sZyJf)Á(Á|Áf+sÁ«
xdf\nd|v7xdf\{ ~ fgsKyJfgÁ(Á(Á¸f
spmf\{xf+nduv'xdf8{ ~ fOsZyJfÁf+sÁ(Á ~ © nxdfyq}|s\¥Ef+spwf+K+pwfgf+z+l¢sqtsuf+nd)ª
p5© lmxZs|¡+ulmf+nd ~ nUu¡\{|f\q}n ~ © q'nzs|ufyq'(s{(v7x7s¸ªpY© v'ulm'lmxdf ~ n§+v'egyJv'|s|f+egf\x7s¶v7{u
lmpwprq}xZs ~ n§eOv ~ c\pwf7«
v'egegf
f ~ ¡\pmq'l ~ © q'sulw¤tq}s|lmv'xOf\{(s nxdf+q}q'
s|¡\|lr{sulm£ZndfÊydaKz{(lmv'pmv'7lm£Zndf ~ ng|¡8{(f8q}n0¥:v7x,f\x ~ ¡ ~ ndlws
£Zn0© lwp ~ v'lwsf






~ n1egv ~ c+pmf ~ fpmqO®<«0¼;'q7½
«
¶x1y<f\nzs ~ v7x{(nydy<vZ{(f\p5© f+Klr{(s|f+x<
f ~ © ndxdfyJ¡+ulwv ~ f)u¡
³Æq'
suq'lwuf ~ © f\xZ¤Klm|v7x ;g{£Zndl f+egy<»8adf)pmf
v'egyJv'|s|f\eOf\xZs
v7{u




















s³«zy<q}q}'q}yadf¼5¶«m8½ ~ q}x<{p5© q}ydyJf+x ~ lm+f'«z·f¸ydpmn{\¥Zv7x+v'x{(suq}s|f¶£Zndf¸prq
yJ¡+ulwv ~ fu¡
³Æq'
suq}lmuf ~ f8{Pxdf\nd|v7xdf\{ ~ fbsZyJfÁf
sWÁ|Á ~ v'lwsW»
s|ufydpmn{P7uq'x ~ f£Zndf
f\pwpmf ~ f\{Wxdf+nduv'xf\{ ~ fbsKyJfÁ(Á(Á¥Z³«
®<«<¼ttqZ½«Zf8
ldf8{sIf\x¨q'\






uf+x+v'xZs|u¡\{Pf\x¨ydaKz{(lmv'pmv'7lwff+sÊ£ZndlCq ~ f¶<v7xdxdf8{Wq7{(f8{WydaKz{(lmv'pmv'7lm£Zndf8{+«'µWxf+±Jf+s\¥ZndxdfyJ¡+ulmv ~ fu¡
³Æq'sq}lm|f7¥'q}y|c8{
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eg»+egf\{\¥}ydpmnzsuË}sI£ZndfpmfÊu¡\{|ndpwsuq}s ~ © nxO¡\ydndlr{(f\egf+xZs ~ f\{suuq'x{|eOf+s(suf+nd{ v'ngndxdf{uqtsundqts|lmv'x ~ f
f\(sq}lmx{ u¡\
f\yzs|f\nd{












Type III neuron 
Type II neuron 














type I and II neurones
refractary time of
type I and II neurones type I and II neurones
refractary time of
type III and type I, II neurons type III and type I and II neurons
activation delay betweenactivation delay between activation delay between
type III and type I, II neurons
 E:KÅO·lrq}7uq'egeOfbsuf+egyJv'uf+p ~ fpmq){|¡\£Zndf\x





zlmv'x ? b¿5f\|7lm£Zndflmxdadlmdlws|ulm+f ~ nxdf\nd|v7xdf ~ fsZyJfÁ|Á¤7f+{Ppmf\{Wxf+nduv'xdf8{ ~ fsKyJfÁ(Á|Á¥7f\x
{|ndydyJv7{uq}xZspmf\{xdf+n|v7xdf\{ ~ f¶sZyJfÁIf
sbÁ(ÁIq'nzs|v7|Zs|aeOlr£Zndf\{If
sbndx ~ ¡+prq}l ~ © q7sulw¤tqtsulwv7xf\x7su|f¶pwf8{Ixf+nduv'xdf8{ ~ fsKy<f
Á(Á|Áf+sWpwf8{Pxdf\nd|v7xdf\{ ~ fbsZyJfÁ f+sWÁ(Á ~ f{\«}µWxgaq}nds\¥ ~ lrq}7uq'egeOfs|f\egy<v7|f\p ~ f\{Pq7sulw¤tqtsulwv7x{ ~ nxdf\nduv'xdf ~ fÊsKy<f
Á 
7q'n
f\x7su|f7¥ ~ lrq}7uq'egeOfbsuf+egyJv'uf+p ~ f\{Iq7sulw¤tqtsulwv7x{ ~ n¨xdf+n|v7xdf ~ fsKyJfÁ|Á
Zf+x<q'{ ~ lmq''q}egegfbs|f+egyJv'uf+p ~ f\{
q'
s|lm¤tqts|lmv'x<{ ~ f8{xdf+nduv'xf\{ ~ fIsKyJfÁ|Á(Á«}q7½ q'
s|lm¤Zlws|¡Êu7suadeglm£Zndfb+q'uq7su¡+ulm{|¡+fPyq'ypwn{|lmf+nd{ Jv'nd±J¡\f\{\«:ÀI© q7sulw¤tqtsulwv7x









sblmxdadlmdl¢sulwv7x{yd|vt¤7f+xq'xZs ~ f\{xdf\nd|v7xdf\{ ~ f¶sZyJfÁIf
sbÁ(Á«Z<½Iq7sulw¤Klws|¡¸|Zs|aeOlr£Zndf¶+v'egyJv7{|¡+f ~ © ndxdf{|f+ndpmfJv'nz±C¡+f
ªprq{(nl¢suf ~ nXdpmvz+q''f ~ fp5© q'sulwv7x? b¿ f+u'lr£Zndf)yq'pmq¨dlm+n
npwpmlwxf'«CÀ0f)suf+egy{u¡
³Æq'
suq'lwuf ~ © q7sulw¤tqtsulwv7x ~ f\{
xdf\nd|v7xdf\{ ~ fsKyJfÁPf+sÊÁ|Á ~ v'lws»+s|ufydpmn{'q}x ~ £Zndf){IyJv'nf\eOyJ»\af+Ip5© lwx{(suq'ndqts|lmv'x ~ f\{v7{u
lmpwprqtsulwv7x{Wq}ydl ~ f8{
~ q'x{bpwf)egv ~ c\pwff










¡ ~ f+xZsu{\¥ v7x y<f\nzs,eq'lwxZs|f\xq}xZs,+v'x{(s|undlm|fnx
xdv7nd¤'f8q}negv ~ c+pmf¶ª)eg»\eOf ~ f¶eOlmf+ndgu¡+yJv'x ~ |f¶q}nz+q'uq7s|¡\|lr{(s|lr£7nf\{PydaKz{|lwv7pwv7'lr£7nf\{ ~ n|¡8{(f8q}nf+e,du'v'xxq}lm|f7«
À0f8{baKZyJv}suadc\{|f\{buf
suf+xKndf8{{(v7x7spmf\{{|ndlm¤:q'xZs|f\{ Å
 pwf8{bxdf+nduv'xf\{ ~ fsKy<f)ÁÊf
sÁ|ÁJÅ
 {|v'xZsq}nzsuv'u7suadeglm£Zndf8{q:¤'f8prqOeO»\egf)y<¡\|lmv ~ f'«
¶xq{|v'ndpmlm'xd¡Wq'x7su¡+ulwf\nduf+egf+xZs0prqxd¡\+f\{u{(lws|¡ ~ © q:¤7v'lm ~ f\{ xdf+n|v7xdf\{0q'nzs|v7|Zsuadeglm£Zndf8{0ªbpY© lmx7su¡
¿
ulwf\nd ~ nu¡\{|f\q'n0«}Wnlm{u£Zndfpmf\{Wxf+nduv'xdf8{ ~ fsKyJfÁ(Á|ÁPxdfyJf+nd¤7f+xZsIyq7{W»+s|ufq}nzsuv'u7suadeglm£Zndf8{+¥

fO{(v7xZspwf8{xf+nduv'xdf8{ ~ fosKy<f,Áf
s¶Á|Á£Zndl ~ v'lm¤'f+xZsp5© »
s|uf'«JÁÂpf\{(sxd¡\+f\{u{|q'lwufo£Zn0© lwpr{q'lwf\xZs¶prq
eg»+egfyJ¡+ulwv ~ f ~ © q7s|lm¤Kl¢su¡)lwxZsu|lmx{|c\£Zndf)yJv'nd£Zndf)pmf+nq'
s|lm¤:q}s|lmv'xX{|v'lwsÊsuv'ntv7nd{{(Kxa|v7xdf
f
s£ZndfOpwfOxdf\nd|v7xdf ~ fosKyJf,Á|Áydnlm{u{(fOaKKy<f\|yJv'prq}ulm{|f+8¥<q'n ~ ¡\yq}|s ~ fOaq7£Zndf,¡\ydlr{(v ~ f7¥Jpmf\{
xdf\nd|v7xdf\{ ~ fsZyJfÁ(Á|Á«











À qxdf\nduv'egv ~ ndprqts|lmv'x¯yJf+ueOf+sndxdf{|v'|s|f ~ f¨
v'¿ q7sulw¤tqtsulwv7x ~ f8{xdf+n|v7xdf\{ ~ fgsKyJfÁf
sÁ|Á
f+xB|¡\'prq}xZsprq s|f\egy<v7|lr{|q}s|lmv'x ~ f§p5© v7x ~ f§pmf+xZsuf§dlmydaq7{(lr£Zndf§f\xd|f\'lr{su|¡\fU{(npmf§yJv}suf+xZs|lmf+p
egf+e,duq'xq}lmuf ~ f8{xdf\nd|v7xdf\{ ~ fsKyJf)ÁIf+sÁ(Á¥
³«  h 5«
 v'xZsInxdfq'






su¡lmeOypw¡\eOf\xZs|¡+f8{ ~ q'x{pmfegv ~ c+pmfyJv'nd¸q:¤'v'lmndxdf,
vKv' ~ lmxqtsulwv7x ~ f
p5© q7s|lm¤tqtsulwv7x ~ n­xdf+nduv'xf ~ fXsKy<fXÁgf
s¨Á|Ágf
s¨yJv'nd¨nxdfUegf+lmpwpmf+n|fU+v'x+v' ~ q}x+fq:¤7f\prq
ydaKz{(lmv'pmv'7lwf7«<µIpwpmf\{¸yJf+ueOf+s(suf+xZs ~ f,ypwn{ ~ fOeglwf\nzUuf+yduv ~ ndlm|f,pwf8{¤tq}pmf+nu{¸ydaKz{(lmv'pmv'7lm£Zndf8{
~ n1yJv}s|f\xZs|lmf+p0egf+e,dq}xq'lwuf ~ f\{bxdf\nd|v7xdf\{ ~ fsZyJfÁf+sÁ(ÁÊy<f\x ~ q'x7sprq ~ ¡+yJv'prq}ulr{|q}s|lmv'x0«
 pwf8{blwxZs|f\u+v'xdxf\sulwv7x{ ~ f\{xdf+nduv'xf\{ ~ fsKy<f)Á|Á(ÁÊ¤'f\u{Êpmf\{bxdf\nd|v7xdf\{ ~ fsZyJfÁf+sÁ(ÁCÅ
 {|v'xZs¶{|f+ndpmf+egf+xZs ~ fsKyJfof







~ Kxq'eOlr£Zndf ~ nxdf\nduv}s|q}x<{(egf
s|s|f\ndf8{s
v7egyq}q}dpmfªO
f\pwpmf ~ n ?¸pmnzsuq'egq}s|f¸f
s ~ n ? b«
aq7£7nf¶q'
s|lm¤tqts|lmv'x ~ f\{Ixdf+nduv'xf\{ ~ fsKyJfÁ(Á|ÁWf\{(sÊ{|ndlm¤Klwfy<q}Êndxdf¶q7sulw¤tqtsulwv7x ~ f8{Wxdf\nd|v7xdf\{
~ f¶sKy<f¸ÁWf
sÊÁ(Á«zÀW© ¡+ylm{|v ~ f¸{\© q}u|»+s|f£Znq'x ~ pmf\{xdf+nduv'xf\{ ~ fsKyJfÁ|Á(ÁIxf¶{|v'xZsydpmn{bªeg»\eOf
~ f ~ ¡\yq'{u{|f+bpwf\nd{|f+ndlmp ~ © q'
s|lm¤:q}s|lmv'x0«
 pwf8{blwxZs|f\u+v'xdxf
zlwv7x{ ~ f\{bxf+nduv'xdf8{ ~ f¸sKy<f)Á|Á¤7f+{pmf\{xdf+nduv'xf\{ ~ fsKy<f)Á|Á(ÁCÅ
 {|v'xZs{(f\ndpwf\egf+xZs ~ f¸sKy<f ? Ê¿5f\|7lm£Zndflmxdadlmdlws|ulm+f\{\«
µWpmpwf8{1{(v7x7s|f8{(yJv'x{uq}pwf8{ ~ nB+v'egyJv'|s|f+egf\x7sdlwyaq'{|lm£ZndfA¼ÆaKKy<f\|yJv'prq}ulr{|q}s|lmv'x°f
s|f\<v7x ~
yJv7{(s(¿ lwxdalwdlws|f\nd½ ~ f\{xf+nduv'xdf8{ ~ fsKy<f)Á|Á(Á«
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 pwf8{blwxZs|f\u+v'xdxf
zlwv7x{ ~ f\{bxf+nduv'xdf8{ ~ f¸sKy<f)ÁÊ¤'f\u{Êpmf\{bxdf\nd|v7xdf\{ ~ fsZyJfÁ(Á|ÁJÅ
 pmf)xdf+nduv'xf ~ f¶sKyJf)ÁÊq'ydyJv'|s|f)q}nzxdf+nduv'xf\{ ~ fsKy<f)Á|Á(ÁÊndxdf)pmf+xZs|f)q7s|lmv'xxdf\nd|v7egv ~ ndpmq}s|ulm+f'«
f
s|s|f¯q'sulwv7x ~ fUxdf\nduv'egv ~ ndprqts|lmv'x°yJf+uegf
s ~ © v7zs|f\xdlwndxdfUu¡+yJv'x<{(fUyaZz{|lwv7pwv7'lr£ZndfXq}nz
{(s|lmeondprqtsulwv7x{q}ydypwlr£Znd¡+f8{q}nX
v7ndu{ ~ nX+K+pwf ~ © q'
s|lm¤Kl¢su¡'«À f¸xf+nduv'xdf ~ f¸sKyJf)Á¥d'Ä'+f¸ªOprq
xdf\nd|v7egv ~ ndpmq}s|lmv'x0¥d+vKv' ~ v'xdxf¶p5© q7sulw¤Klws|¡ªOpY© lmx7su¡+ulwf\nd ~ n1uadv'e,<v7eOc\|f7«






zlmv'x f\{(s,eq7{|£Znd¡\f£Znq}x ~ p5© q'sulwv7x ? b¿ f+u'lr£Zndf¨lmxdadlmdlws|ulm+ff\{(soydu¡\{|f+xZsuf
~ q'x{pmf¸egv ~ c\pwf7«
 pmq+q'yq'+l¢su¡ ~ ng|¡8{(f8q}nof\eodu'v7xdxq'lwuf ~ fegf+s(s|uff+xOv'yy<vZ{(lws|lmv'x ~ fydaq7{(fbp5© q7sulw¤Klws|¡ ~ f8{ xdf+nduv'xf\{ ~ fÊsKy<f
ÁIf
sÁ|Áf+spwf8{bxdf+n|v7xdf\{ ~ f¸sKyJf)Á(Á(ÁÊf\{(segv ~ ¡+pmlm{|¡+f){|lwegydpmf+egf\x7sy<q}ndx ~ ¡\pmq'l ~ © q7sulw¤tqtsulwv7x0«
 pmqU\q}yq7
lws|¡ ~ f\{,xdf+n|v7xdf\{ ~ n u¡\{|f\q}n f\eodu'v7xdxq'lwuf ~ © q:¤'v'lmndxfyJ¡+ulwv ~ f|¡+³Æuq7sq}lm|f ~ © q'
s|lm¤tqts|lmv'xSf\{(s
eOv ~ ¡\pwlr{|¡+f¶{|lmeOypwf\eOf\xZsby<q}Êndxdf¸¤:q'pwf\nd®dz¡+f£7nlJuf+y|¡8{(f\x7sufprqoyJ¡+ulmv ~ f ~ f¶s|f\egy{+¥zq'yd|c8{Inxdf¸q7sulw¤tqtsulwv7x
yd|¡8q}prq}dpmf ~ n1xdf+nduv'xf'¥zyJf+x ~ q'xZsbprq'£Zndf\pwpmfpwf)xf+nduv'xdff8{slmx{(f\x{|lwdpmf'«
f\{baKKyJv}s|ac\{|f\{byJf+ueOf+s(suf+xZs ~ f)
v7x




















 \Å ¾v'nd¤7f\q}n­egv ~ c\pwf¹yd|v7y<vZ{(¡¹q:¤:q'xZs¹¼´qZ½f
s1q}yduc\{¹¼Æ<½p5© q'ydyq}ulws|lmv'x ~ f¹pmqÃ{(Kxq'y{(f ? b¿ f+u'lr£Zndf
lmxdadlmdl¢su|lr
f ~ nSxf+nduv'xdf ~ f¨sKyJfÁ(Á«PÀ f\{xf+nduv'xdf8{ ~ fsKy<fÁ)f
sgÁ(Á{|v'xZs,l ~ f+xZsulm£Zndf8{f
sq}nds|v'uZs|adeglr£Zndf\{\«À f
xdf\nd|v7xdf ~ f¶sKyJf¶ÁÊqo{|ndÊs|v7nzspwf¸|¡8{(f8q}n¨nxdf¸q7sulwv7xxdf\nd|v7egv ~ ndpmq}s|ulm+ff+sÊ7pwnz¿ f+u'lr£Zndf'«KÀ0f¸xdf\nd|v7xdf ~ f¶sKyJf¶Á|Á












d gf+x v7ydy<vZ{(lws|lmv'x ~ f¨yaq'{|fyq}ouq'ydy<v7(sª1pmf+nd
q'
s|lm¤Kl¢su¡'«
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À qbyJ¡+ulmv ~ f ~ f ~ ¡\aq'|7f ~ f\{ xdf+nduv'xf\{0q'nzs|v7|Zs|aeOlr£Zndf\{ ~ fPsKyJfIÁCf
sÁ(ÁEq¡
su¡adv7lm{|lmfWq}udl¢suuq'lwuf+egf\x7s |q}nds|v'n
~ f\7{ «J®x ~ fosuf\{(s|f+ydaKz{|lwv7pwv7'lr£7nf+egf+xZsprq¨ydu¡\{|f+x<
f ~ f,xf+nduv'xdf8{q'nzs|v7|Zs|aeOlr£Zndf\{\¥Jpmq®'n|f¼+DZ½ ~ ¡\
ulws
pmf
v'egyJv'|s|f\eOf\xZs ~ f\{bxdf\nd|v7xdf\{blr{|v'pm¡\{\«KÀqO®«0¼(+D7\½egv'xZs|ufpY© q'
s|lm¤Zlws|¡ ~ nxf+nduv'xdf ~ fsKyJf)Á(Á(ÁÊlr{(v7pw¡7¥ ~ v'xZspmf
yJv}s|f\xZs|lmf+pdegf+e,dq}xq'lwufuf\{(s|f+v'x{(suq'xZsPq'nO+v'nd{ ~ nOs|f\egy{0Å}pmf
v7ndq}xZs    x¡\
f8{|{|lws|fndxdfaKKyJf+uy<v7pmq'|lr{|q}s|lmv'xydu¡\q'pmq'dpwf¸yJv'ndb»
su|f)q7s|lm¤'¡7¥d³«K®<«0¼ÆhZ7½ ~ fpY© q}yy<f\x ~ lr
f'«dÀq,®«E¼!D}<½egv'xZsu|fp5© q7s|lm¤Kl¢su¡ ~ nxf+nduv'xdf ~ f¸sKy<f
 &R"!
  






















 P+DdÅ¯ v}suf+xZs|lmf+pegf+eouq'xq}lm|f){|lwe,ndpm¡,{|ndpmf\{¶xdf+nduv'xf\{ ~ fsZyJfoÁ¥<Á(Áf+s¶Á(Á|Álm{|v'pm¡\{\«qZ½C?¸Ä'
fª{|qJv'n<
pmf












v'nuq'x7s{Plmx7su|lmx{|c\£Zndf8{I{|v'xZsIegv'xZs|u¡+f8{W{|ndIprq)®<«<¼Y}hZ½ ~ q}x<{Wp5© q'ydy<f\x ~ lr
f7«ZÀq®«C¼!D'qZ½eOv7xZs|uf
p5© q7s|lm¤Kl¢su¡ ~ nSxdf\nd|v7xdf ~ fsKyJfÁolm{|v'pm¡'¥f+xAydu¡\{|f+u¤:q'xZs,{|q§<v7n
pmf ~ f1xdf+nduv'egv ~ ndprqtsulwv7x ¼Ælmpbf\{(sOyJv7{u{|lwdpmf1£7nf

f+s(suf¶Jv'n+pwf¸{(v7l¢sÊydnduf+egf+xZsÊlwxZs|q'+f+pmpwnpmq'lwuf8½ f+sÊ7pwnd¿5f\|7lm£Zndf7«'À0f8{+v'ndq}xZsu{Ixdf+n|v7eOv ~ npmq}s|f+nu{    f
s   q}n'egf+xZs|f\xZsprqyJ¡+ulwv ~ f ~ © q'
s|lm¤Zlws|¡ ~ f8{xf+nduv'xdf8{q'nzs|v7|Zsuadeglm£Zndf8{+¥:³«tyq'uq''q}ydaf¼ ¸«w:½ ~ fp5© q'ydyJf+x ~ lr
f7«}·v7x}¥
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#  9 ÍJ 3IÍ":Ï K   Ï #­SÍ #I2KÒ #   Ò K 3 K5 t,\Ï  #	K # #  "KÒ´Í-3&3 K   Ï
 f+x ~ q}xZspwf8{yduf+eglmf+{{(suq ~ f\{ ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs\¥q:¤tq}xZs)pY© q}ydy<q}ul¢sulwv7x ~ f\{xf+nduv'xdf8{q}nds|v'uZs|adeglr£Zndf\{\¥0pmf
egv ~ c+pmfg|f8{sufg{|lmpwf\x













v'uuf\{|y<v7x ~ ª)pmqy<¡\|lmv ~ f ~ © q'
s|lm¤Kl¢su¡
~ n1xdf\nd|v7xdf ~ f¸sKy<f)ÁÊlm{|v'pm¡)q:¤'f8¶{uqO<v7n
pmf ~ f)xdf+n|v7eOv ~ npmq}s|lmv'x0«
" 
# 
# 9 ÍJ 3IÍ":Ï K   Ï #­SÍ #I2KÒ #   Ò K,\Ï  #	K8I     Ï\ # #  "KÒYÍ3&3 K   Ï
¶x1
v'x<{(l ~ c+uf¸egq'lwxZsuf+xq'x7spmf)egv ~ c+pmf ~ v'xdx¡{|ndprq,®«0¼(\}J½«J¶x1{(nydy<vZ{(f\uqO£ZndfWÅ
 pwf8{
v'x<{sq}xZs|f8{ ~ fs|f+egy{ ~ f)pY© q'
s|lmv'xxdf+n|v7eOv ~ npmq}s|ulm+f ~ f\¤Klwf\xdxdf+xZs ~ f)ypwn{f+xydpwn<{'q}x ~ f\{\¥K
³«dyq'uq}¿
'q}ydadfg¼5¶« hZ½ ~ f¸p5© q}ydyJf+x ~ lm+f'«
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f8½oq}nz ~ l¢±C¡+uf+xZsu{O{(suq ~ f\{ ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs ~ n
|¡8{(f8q}nf\eodu'v7xdxq'lwuf'«
 pY© q'
s|lmv'x4? Ê¿5f\|7lm£Zndf¶f+xZs|uf¸pwf8{xf+nduv'xdf8{ ~ fsKyJf¶Á|ÁIf
sbÁ(Á|Á ~ f\¤Klwf\x7s ~ f¸ydpmn{Êf+xypwn{bf ¨+q'+f¶q'n
v7nd{
~ nsuf+egy{\¥³«yq}q}7uq'ydadf,¼ ¶« hK½ ~ f)p5© q'ydy<f\x ~ lr
f7«
f+prq,y|vt¤7vK£Zndf¶ndxdf)aKKy<f\|yJv'prq}ulr{|q}s|lmv'x ~ f¸ypwn{f+x1ydpmn{'q}x ~ f ~ f\{bxdf\nd|v7xdf\{ ~ fsZyJf)Á(Á|ÁÊªOprqg{(ndlws|f ~ n
pmq'|Zq}'f ~ n¹xdf+n|v's|q}x{|egf
s(suf+nd ? b f+s¶pmfoxdv7eoduf ~ f,<v7nz±C¡+f\{¶yq'¶¡\ydlm{|v ~ foq'nd'egf+xZsuf,q}nU+v'nd{ ~ n
s|f+egy{\¥d³«d®« ¼YDZ½ ~ f)pY© q}ydyJf+x ~ lm+f'«
µWxa<q}xd7f\q}xZsIpmf\{
v7x{sq}xZs|f8{ ~ fs|f\eOy<{ ~ f\{Iq7sulwv7x{Wxdf\nduv'egv ~ ndprqts|ulr
f\{If
sÊpY© f¨+q7
lws|¡ ~ fp5© q7sulwv7x ? b¿
f+u'lr£Zndfof\xZs|uf,pmf\{¸xdf\nd|v7xdf\{ ~ f,sKy<fOÁ(Á¶f
sÁ(Á(Á¥Ev7x§yJf+nzs)uf+yduv ~ ndlm|f,pwf8{¸v'{|f+u¤tqts|lmv'x<{ydaKz{(lmv'pmv'7lm£Zndf8{f\x7su|fOprq
yJ¡+ulwv ~ f ~ f1p5© q7s|lm¤Kl¢su¡uZs|adeglr£Zndf1f
spwf1xdv7eoduf ~ f1<v7nz±J¡\f\{gyq'g¡+ydlr{(v ~ f7«WÀ0f1egv ~ c+pmf1yq'{u{(f ~ © ndxdfXq'
s|lm¤Kl¢su¡
yJ¡+ulwv ~ lr£Zndf,q'nzs|v7nd ;'¨{q:¤'f8)ndxdfg{(f\ndpmfoJv'nz±C¡+fgª¨ndxfOq7s|lm¤Kl¢su¡oyJ¡+ulwv ~ lr£Zndf ~ fO ;}¨{¸q:¤'f8{(f\yzs<v7nz±J¡\f\{¶yq}
¡+ylm{|v ~ f'¥P³« ®<«¼Y'7½of
sO®«¼5z:½«PÀ0fegv ~ c+pmfyJf+ndsq'lwx<{(lbuf+yduv ~ ndlm|fndxdfXq}nd7egf+xZsuq}s|lmv'x ~ f1prq§yJ¡+ulmv ~ f ~ f
p5© q7s|lm¤Kl¢su¡)|Zsuadeglm£Zndf ~ f ;',{y<q}b<v7nz±C¡+f'¥<
v'egegf)f+xydaKz{(lmv'pmv'7lwf   «
À q¸®<«<¼5}Z½eOv7xZs|ufpY© ¡+¤7v'pmnzs|lmv'x ~ nyJv}suf+xZs|lmf+pJegf+e,duq'xq}lmufÊegf8{(ndu¡{|ndIpmfxdf\nd|v7xdf ~ fsKyJfÁs|v7nzsÊq'nOpmv'x
~ fOpmq{|lwe,ndpmq}s|lmv'x ~ n ~ ¡\¤'f\pwv7ydy<f\egf+xZs ~ n§u¡\{|f\q}n «JÀ f,yq7{|{uq}7f ~ © ndxdf




zlmv'x ? b¿5f\|7lm£Zndflmxdadlmdlws|ulm+fq:¤'f8bndxdf³´q'lwdpmff \q'+l¢su¡'¥'xfaq}x'fyq7{Wp5© q7s|lm¤Kl¢su¡ ~ nxdf\nduv'xdf ~ f
sKy<fÁ¥7³«7®<«<¼Y''qZ½«'Àq¸®«J¼Yz:½ egv'xZs|uf'¥7q}n¨
v7xZs|q}lm|f7¥tpY© ¡+¤7v'pmnzs|lmv'x ~ nyJv}suf+xZs|lmf+pJegf+eouq'xq}lm|fbegf\{|ndu¡{(nIpmf
xdf\nd|v7xdf ~ fsKy<f¸Á(Á|Á«z ¤tq}xZsÊpY© q}ydy<q}ul¢sulwv7x ~ fprqo+v'xdxf
zlwv7x4? b¿5f\|7lm£Zndflmxdadlmdlws|ulm+f ~ n¨xdf+n|v7xdf ~ f¶sKy<f¶Á(Á¥
pmf\{xf+nduv'xdf8{ ~ fsZyJfoÁ|Á(Á{|f ~ ¡\y<v7pmq'|lr{(f\xZs ~ f)³´q 
v'xU{|Kxaduv'xdfq:¤7f\pmfoxdf\nduv'xdf ~ fosKy<f,Á«<À0f,yq'{u{uq}'f ~ © ndxdf

v7xdxdf+Klmv'x ? b¿ f+u'lr£Zndf¸f
d
lwsuq}s|ulm+f¸ª,ndxdf)





¥Zf8{sb+q'uq7s|¡\|lr{|¡yq}Êp5© q'ydyq}ulws|lmv'x ~ © aKZyJf+uyJv'prq}ulm{uqtsulwv7x{I£Zndl ~ ¡8
pmf+xadf\xZsndx|f\<v7x ~
yJv7{(s(¿ lwxdalwdlws|f\ndoªeg»+egf ~ © q'
s|lm¤'f+)pmf\{xf+nduv'xdf8{ ~ fgsKy<fÁ|Á(Á« n 
v7ndu{ ~ n¯suf+egy{\¥ q:¤'f8,nxdf¨q}nd7egf+xZsuq}s|lmv'x
~ f,pY© f¨+q7
lws|¡ ~ fop5© q7s|lmv'x? b¿ f+u'lr£7nf'¥dpmf\{¶xdf+n|v7xdf\{ ~ fsKy<f,Á(Á|Á{(fo\q}q'
s|¡+ulr{(f\x7sy<q}ndx¹
v'egyJv'|s|f\eOf\xZs
dlmydaq7{(lr£Zndf¼Ændxdf)aKKyJf+uy<v7pmq'|lr{|q}s|lmv'x{(ndlm¤KlEyq}nxdf ~ ¡+yJv'prq}ulr{|q}s|lmv'x<½ ~ fydpmn{f+x1ydpmn{b¡\¤Zl ~ f\x7s8«
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Jv'nz±C¡+f8{yq}b¡\ydlm{|v ~ f'¥pmqOyJ¡+ulwv ~ f ~ © q'
s|lm¤Zlws|¡)xfaq}xd7f\q'x7sbyq7{{(lm'xdlw®<\qts|lm¤'f\egf+xZs   «
À q®<«I¼5''½¸egv7x7su|fpmf\{of
±Cf
s{ ~ fp5© q'ydydpmlm\qtsulwv7x ~ f¨dlr
n+ndpwpmlmxdf{|ndp5© q7s|lm¤Kl¢su¡¨u7suadeglm£Zndf ~ n eOv ~ c\pwf7«À f
egv ~ c+pmfuf+yduv ~ ndlwsIpwf8{Wf+±Jf+su{ ~ ndpmvK\q}7f ~ fp5© q7sulwv7x ? b¿ f+u'lr£Zndflwxadlwl¢su|lr
f{|ndpY© q'
s|lm¤Zlws|¡ ~ f\{Ixdf+nduv'xf\{ ~ f
sKy<f¸Á(Á|Á¥z³«Z®«C¼Y7t<½Wf+xq'{\«ZÀqyJ¡+ulwv ~ f ~ © q'sulw¤Klws|¡ ~ lmeOlmxKndff+sÊy<q'{u{(f ~ f¶ ;}{bª,;}{\«df\
lCf8{sb{(nd|s|v7nzs ~ 
q}nd ~ lw±J¡\|f\xZsu{Pxdlm¤'f8q}nz ~ © lwxdalwdlws|lmv'x¨q'nzd£Zndf+pr{Ppmf|¡8{(f8q}ngf\{(sI{(v7ndeglm{ Å}ndxxdv7eodufbegv'lmx ~ uf ~ fJv'nz±C¡+f8{Wyduv ~ ndlws
ndxdf1q'
s|lmv'x ~ fxdf\nd|v7egv ~ ndpmq}s|lmv'x ypwn{,³´q'lwdpmf'«Wv'egegfeOlmf+nd f
zydpmlm£Znd¡yq}Opmq¹{(nl¢suf'¥ pY© q}n'egf+xZsuq}s|lmv'x ~ fprq
yJ¡+ulwv ~ f ~ © q7s|lm¤Kl¢su¡uZs|adeglr£7nf'¥0suv'nzsgq}n pmv'xd ~ n ~ ¡+¤7f+pmv'ydyJf+egf\x7s8¥x © f8{soy<q'{pmlm¡+fªUpY© q'
s|lmv'x ? b¿5f\|7lm£Zndf7¥
eq}lr{ ypwnzsuË}sWªnxdfeq}s|ndqtsulwv7x¼Æf\x7suuqt²rx<q}xZsndx,uq'pwf\xZs|lr{|{|f+egf+xZs y|v7'uf\{u{(lw³u½ ~ fp5© q7sulwv7xxdf+n|v7eOv ~ npmq}s|ulm+f'«}f\
l
f
zydpmlr£7nf)y<v7ndu£Zndv7l0p5© q'ydydpmlm\qts|lmv'x ~ f)prqgdlr
n+ndpmpwlmxdfxdf,aq}xd7fyq'{{|lm'xdlw®<+q}s|lm¤'f\eOf\xZsbprqyJ¡+ulwv ~ f ~ f\{¡\ydlm{|v ~ f\{
  «
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·¸q}x{Êpmf¶yq'uq''q}ydafydu¡\
¡ ~ f+xZs8¥Zv7xq,eq}xdlmydndpm¡¸{|lmeondpwsuq'xd¡+egf+xZsp5© f \q'+l¢su¡ ~ f¸prq,{|Kxq}y{|f*? b¿ f+u'lr£Zndf
¼ 
	 ½ f+sIprq ~ Kxq}eglr£Zndf ~ fxdf\nduv'egv ~ ndprqts|lmv'xX¼Mf

































 C'dÅaq}x'f+egf\x7s8¥Ky<f\x ~ q}xZspmf ~ ¡+¤'f\pwv7ydyJf+egf+xZs\¥ ~ n (yqts|s|f\|x ~ nyJv}suf+xZs|lmf+pEegf\eodq}xq'lwufegf8{(ndu¡){(nÊpmf\{





f ~ n¯xdf+n|v7xdf ~ fosKyJfOÁ|Á¤7f+{¶pmf\{¸xdf\nduv'xdf8{ ~ n§sKyJfOÁ|Á(Á¥Eegv ~ c+pmf ~ fgpmq®<« ¼(\7q7½ 

<½Â¿ ~ ½+v'xdxdf+zlwv7x(? b¿5f\|7lm£ZndfÊlwxadlwl¢su|lr
f ~ fÊydpmn{ f+xOydpmn{ f¨+q7
fbq'{u{(vz+lw¡\fª¶ndxdfbxdf+n|v7eOv ~ npmq}s|lmv'x ~ fÊypwn{
f+xydpmn{bpmf+xZs|f7«Z f\x ~ q}xZspmf ~ ¡+¤'f\pwv7ydyJf+egf+xZsbv'xv7zs|lmf+xZs ~ v7x ~ f\{b¡+ylm{|v ~ f\{b+q'uq7su¡+ulm{|¡\{Iyq}bndxdf){|f+ndpmf¸<v7nz±J¡\f'¥
ydndlr{ ~ f\nzE¥dsu|v7lm{\¥E«w«m«m¥{(f\yzs\¥<f
s}«Àq ~ Kxq}eglr£7nf ~ f)pY© q'
s|lmv'x1xdf\nd|v7egv ~ ndpmq}s|ulm+fO¼ f
s )½Êf+sp5© f \q'+l¢su¡
~ f)prqg
v'xxdf
zlmv'x ? b¿ f+u'lr£ZndfO¼  











































f ~ fbsKyJf ?¸pwnd¿5f\|7lm£Zndfbf+xgyduvt¤'f\xq}x<
f ~ nxdf+n|v7xdf ~ fsKy<fÁ q'
s|lm¤'fpmf\{Pxf+nduv'xdf8{ ~ fbsKy<f
Á(Á|Á 
E<½ ¿ ~ ½¶
v'xxdf
zlmv'x ? Ê¿5f\|7lm£Zndf,lwxadlwl¢su|lr
f ~ fgydpmn{¸f+x§ypwn{¸f \q'+f,q'{u{|vK+lw¡\f,ªndxdfgxdf+n|v7eOv ~ npmq}s|lmv'x
~ fOydpmn{f\x§ydpmn{¶pwf\xZs|f'«C f+x ~ q}xZs¶pmf ~ ¡+¤7f+pmv'ydyJf+egf+xZs¸v'xUv7zs|lmf+xZs ~ v'x ~ f\{¸¡+ylm{|v ~ f\{¸+q'uq7s|¡\|lr{|¡\{byq'¶ndx¯{(f\ndpmf
Jv'nz±C¡+f7¥ ydndlr{ ~ f\nzE¥0su|v7lm{\¥P«w«m«m¥{|f+yzs8¥ f
s}« Àq ~ Kxq}eglr£Zndf ~ f¨p5© q7sulwv7x¯xf+nduv'egv ~ ndprqtsu|lr
fX¼   f+s  ½¸f
s




	  ½b{|v'xZs ~ v7xdxd¡+f8{ ~ q}x<{bpY© q}ydyJf+x ~ lm+f¨¼5¶« hZ½
«
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t (s) t (s)
t (s)




















































 7'dÅa<q}xd7f+egf+xZs ~ fpY© q'
s|lm¤Kl¢su¡Iu7suadeglm£Zndf ~ nu¡\{|f\q}n ¥ ~ fpmqb®<«K¼\'<½¥8ªprq{|ndl¢suf ~ nodpwvz\q}'f ~ fIprq{|Zx<q}y{|f
? b¿5f\|7lm£Zndf ~ nSxdf+nduv'xf ~ fsKy<fÁ(Á¤'f\u{pwf8{xdf\nd|v7xdf\{ ~ f¨sKyJf¨Á(Á|Á«µWxSaq}nzs8¥ ¡\¤'v'pmnzsulwv7x¹suf+egyJv'uf+pmpwf ~ n






yJ¡+ulwv ~ lr£Zndf ~ nu¡\{|f\q'nOq'n¨
v'nu{ ~ ngs|f+egy{\«7º§q}lmx7suf+xq'xZs\¥}yJv'ndeglwf\nzg+v'egyduf+x ~ |fbf
s ~ ¡
sq}lmpwpmf+pwf8{Peg¡\+q'xdlr{(egf\{
£Zndl {(v7x7s¸ªpY© v'ulm'lmxdf ~ fop5© q}ydyq'|lws|lmv'x ~ © ndxfoJv'nz±C¡+fO{(ndyydpw¡\egf+xZsuq'lwuf'¥<v'xX¡
sun ~ lmfopmf,+v'egy<v7(suf+egf+xZs ~ nUegv ~ c+pmf




zlmv'x ? b¿ f+u'lr£7nf¸lmxdadlmdlws|ulm+f 

­¿ pwf8{
v'x<{sq}xZs|f8{ ~ fs|f+egy{ ~ f)pmq ~ Kxq'eglm£Zndf ~ f)xdf\nduv'egv ~ ndprqts|lmv'x «


















11/HF 1/HF 1/HF 1/HF 1/HF 1/HF2 3 4 5 6
SILENCE PERIOD
1/LF
 J}Åsulw¤Klws|¡¸|Zsuadeglm£Zndf ~ nu¡\{|f\q'n§¼Ç®<«C\'<½Wf+s ~ ¡
®xdlws|lmv'x ~ f¸pmq,y<¡\|lmv ~ f'¥ ~ f¸pmq ~ ndu¡+f ~ © ndx¡\ydlr{(v ~ f7¥ ~ f
prq ~ n|¡\f ~ npY© lmx7suf+u¤tq}pmpwf ~ f¸{|lmpwf\x
fg¼Æv7n ~ f¸pY© lmxZ¤7f+{(f ~ f\{Êq7{|{|f\{I³Æ|¡8£Zndf+x+f\{ Å<BtÀEAP½If













v'nu{ ~ f¶p5© ¡+¤'v7pwnds|lmv'x ~ f¸pY© q'
s|lm¤Kl¢su¡¶uZs|adeglr£7nfyJf+x ~ q'xZsÊprqeqtsundqts|lmv'xf\{(s
dlmf+x¯
v'xxZnXf+s¸lmp f\{(s¶yJv7{u{(lmdpmf ~ fO
v7eOy<q}uf+pmf\{ ~ v7xdxd¡+f8{v7zs|f\xKndf\{f+x¹{|lmeondprqtsulwv7xUq:¤'f\pwf8{ ~ v7xdxd¡\f\{¶v'zsuf+xKndf\{
  !  ¸yq}pwvz+q''f¸yduv''uf\{u{|l¢³ ~ f¸p5© q'sulwv7x ? b¿ f+u'lr£7nf'«
À0f8{byq}q}egc+s|uf\{Ê+q}q'
s|¡\|lr{|q'xZsp5© q7s|lm¤Kl¢su¡)y<¡\|lmv ~ lr£7nf{|v'xZsuf+ydu¡\{|f+xZs|¡8{b{(ndprqO®7nd|fg¼Y'7½CÅ
 pmq     ~ f)pY© q'
s|lm¤Kl¢su¡¸yJ¡+ulmv ~ lm£Zndf 

 pmq ~ ndu¡+f ~ fIp5©  -       	   .    SÅ8prq ~ nd|¡\f ~ fÊp5© lmxZs|f+u¤tq}pmpwff+xZs|ufWprq ~ f+uxdlwc\|fI<v7nz±J¡\f ~ © ndx,¡+ydlr{|v ~ f
f
spmqgy|f\eOlmc+uf ~ nX{(ndlm¤tq}xZs 

 pmq    ~ f)p5© ¡\ydlm{|v ~ fWÅdprq ~ ndu¡+f ~ fopY© ¡+ydlr{|v ~ f)f\{(s¡+7q'pwf)ªgprq ~ lw±J¡\|f\x
f)f\x7su|fprqgy<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡of
sprq




f8{  ÅdlwxK¤7f+{(f ~ fpmq ~ n|¡\f ~ f\{blmxZs|f+u¤tq}pmpwf8{bf+xZs|uf<v7nz±C¡+f\{ ~ © ndx1eg»+egf)¡\ydlm{|v ~ f'«
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période d’activité
durée de l’épisode





















 thÅ¨aq'xd'f\eOf\xZs ~ fprq ~ ndu¡+f ~ fpY© ¡+ydlr{|v ~ f ~ fp5© q7sulw¤Klws|¡uZs|adeglr£7nff+xg³Æv7xsulwv7x ~ fprq)y<¡\|lmv ~ f ~ © q'
s|lm¤Kl¢su¡
f+xSydaKK{|lmv'pmv''lmf'¥ªUZq}nadf7¥ f+s,¤tq}pmf+nd{,v'zsuf+xKndf\{,q:¤'f8pwfegv ~ c+pmf ~ fpmqU®«b¼8}<½
¥ª ~ uv'lws|f'«Wf\{,¤tq}pmf+nd{v7x
¡
su¡1v'zsuf+xKndf\{gª¯prq¹{|ndlws|f ~ f1pY© lmxdadlmdl¢sulwv7x°yd|v7'uf\{u{(lm¤'f ~ fprq 
v7xdxdf
zlmv'x ? b¿ f+u'lr£Zndflmxdadlmdlws|ulm+f1f
s¨ª ~ l¢³Ç¿





v'x<{sq}xZs|f8{ ~ fs|f\eOy<{ ~ f)prq ~ Kxq}eglr£Zndf ~ fxdf\nduv'egv ~ ndprqts|lmv'x «<¶xf\x ~ ¡ ~ ndl¢s¸£7nf
prq,xf+nduv'egv ~ ndprqtsulwv7xx0© qgq}n+ndxf
±Cf
s¶{|ndprq ~ nd|¡\f ~ f)pY© ¡+ylm{|v ~ f'«
À qU®'n|f ¼Y}hZ½)egv7x7su|fpmfaq'xd'f\egf+xZs ~ fprq ~ n|¡\f ~ fp5© ¡\ydlm{|v ~ fyq}Ondxdf1lmxdadlmdl¢sulwv7xÃy|v7'uf\{u{(lm¤'f ~ fprq

v7xdxdf+Klmv'x ? b¿ f+u'lr£Zndff
syJv'nd ~ lw±C¡+uf+xZs|f8{b¤:q'pwf\nd{ ~ fpmq ~ Kxq'eOlr£Zndf ~ fxdf+n|v7eOv ~ npmq}s|lmv'x ¼´·¶f+¤dz¥d·¶f+¤zd¥
·¶f+¤Kh ~ v'xdxd¡\f\{ ~ q'x{Êpwfyq'uq''q}ydadf,¼5¶« hZ½f+xq}ydyJf+x ~ lm+f8½«dÀ feOv ~ c\pwf¸yduv ~ ndlwsbnxdf)q}nd7eOf\xZsuqtsulwv7x ~ fprq ~ n|¡\f
~ f8{¡+ylm{|v ~ f\{)y<q}yq'pwlmf+8¥ ~ © ndxdfegq'xdlmc+uf ~ lwuf\
s|f+egf\x7s,yd|v7y<v7(sulwv7xdxdf\pwpmfq}n xdv7eoduf ~ f¨Jv'nz±C¡+f8{yq'¡+ydlr{|v ~ f
f
suf




v'x<{sq}xZs|f8{ ~ fs|f\eOy<{ ~ f)prq ~ Kxq}eglr£Zndf ~ fxdf\nduv'egv ~ ndprqts|lmv'x «<¶xf\x ~ ¡ ~ ndl¢s¸£7nf
prq,xf+nduv'egv ~ ndprqtsulwv7xx0© qq}n<
ndxf
±Cf
s¶{|ndprq ~ ndu¡+f ~ f)p5© ¡\ydlr{(v ~ f7«dÀW© f¨+q7
lws|¡ ~ fprq
v'xxdf
zlmv'x ? b¿ f+u'lr£Zndf
RERTSU:VWXY
'  K       	   




















































 ;dÅÎa<q}xd7f+egf+xZs ~ fp5© q7s|lm¤Kl¢su¡È A ~ nSu¡\{|f\q'n ~ fxdf\nduv'xdf8{+¥ ~ fprqX®<«Ê¼(\'<½¥ ªUprq§{|ndlws|f ~ fprq ~ lmegl¢¿
xKnzs|lmv'x yduv'7|f8{|{|lm¤'f ~ f¨p5© f \q'+l¢su¡ ~ f¨prqX
v'xxdf
zlmv'x ? b¿ f+u'lr£Zndflwxadlwl¢su|lr
f¨yJv'nndxdf¤tq}pmf+n ~ v'xxd¡+f ~ f
xdf\nd|v7egv ~ ndpmq}s|lmv'x¯¼´·¶f+¤Kh ~ q}x<{bpwf)yq'uq''q}ydaf,¼5¶« hZ½ ~ f)p5© q}ydyJf+x ~ lm+f8½«
lmxdadlmdl¢su|lr
f¶f\{(s ~ v'xpmf{(f\ndp<eg¡8+q}xlm{|egfªeg»+egf ~ f¶egv ~ ndpmf+Êprq ~ ndu¡+f ~ fp5© ¡\ydlr{(v ~ f¶'Ä'
f¶ªprq)egv ~ ndpmq}s|lmv'x ~ n
xdv7eoduf ~ f<v7nz±J¡\f\{y<q}¡+ylm{|v ~ f'«
¶x­{|q'l¢sf
zy<¡\|lmegf+xZsuq'pwf\egf+xZs£Zndf'¥Êq}n 
v7nd{ ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs\¥WpmfUu¡\{|f\q}n°f\eodu'v7xdxq}lmufyduv ~ ndlwsndxdf
q}n'egf+xZsuq}s|lmv'xgyduv'7|f8{|{|lw¤7f ~ fprqy<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡7¥7eq'lm{\¥}f+xeO»\egfs|f\eOy<{+¥Zlwp<ydu¡\{|f+xZs|fq'n{|{|lnxdf ~ lmeglwxKnzsulwv7x
yduv'7|f8{|{|lw¤7f ~ fgpY© lmx7suf+u¤tq}pmpwf ~ f,s|f+egy{lmxZs|f\(¿ <v7nz±C¡+f\{O¼BtÈ A ½¸ªpY© lmx7su¡+ulwf\nd ~ © nx¹¡\ydlm{|v ~ f'«CµWx¯ydaKz{(lmv'pmv'7lwf7¥<pmf\{
<B}ÈCAXy<q'{u{(f\x7s ~ © ndxdf¤:q'pwf\ndPegvt'f\xdxdf ~ f ={PyJv'ndPndxfy<¡\|lmv ~ f ~ f)\7{Pªndxdf¤tq}pmf+nd ~ f){ y<v7ndWndxdfyJ¡+ulmv ~ f
~ f;'o{  5«¶x1{+© lmx7su¡+uf\{u{(f ~ v'x<eq}lmxZs|f\xq}xZsÊª,uf+7q' ~ f+{|lCpwf)aq'xd'f\egf+xZs\¥Kq}n
v'nu{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs8¥ ~ f
p5© f \q'+l¢su¡ ~ fprq
v7xdxdf
zlmv'xK? b¿5f\|7lm£Zndf)f+s ~ f\{¶
v7x{sq}xZs|f8{ ~ f)suf+egy{ ~ fpY© q'
s|lmv'xXxdf\nduv'egv ~ ndprqts|ulr
f){(v7xZs
ªOeg»+egf ~ f)uf+yduv ~ ndlm|f
f)
v7egy<v7(suf+egf+xZs\«
À q¹®7nduf ¼Y;7½,eOv7xZs|uf      f+xA³Æv7xsulwv7x ~ fXpY© f¨+q7
lws|¡ ~ fXprq 
v7xdxdf+Klmv'x ? b¿5f\|7lm£Zndf1lmxdadlmdl¢su|lr
f
yJv'nd ~ f8{¤:q'pwf\nd{ ~ v'xdxd¡\f\{ ~ f8{¸+v'x{(suq'xZs|f\{ ~ fOsuf+egy{ ~ fOpmq ~ Kxq'eglm£Zndf ~ fgxdf+n|v7eOv ~ npmq}s|lmv'xÃ¼Y·f\¤Kh ~ q'x{pmf
yq'uq''q}ydadf¼ ¶« hK½Pf\xq}ydyJf+x ~ lm+f8½
«d¶x|f\egq'u£Zndfndxdf¶q'nd'egf\x7sqtsulwv7x¨yduv''uf\{u{|lw¤7f ~ f\{aq}nzsuf\{I³Æ|¡8£Zndf+x+f\{¸¼´È A ½
£Zndl{|ndlws¶pmf\{¤tq'pwf\ndu{¶
uv'lr{|{uq}xZsuf\{ ~ fop5© f¨+q7
lws|¡ ~ f,pmq+v'xdxdf+zlwv7x? b¿ f+u'lr£Zndf)lwxadlwl¢su|lr
ff\xX|f\yduv ~ ndlm{uq}xZs8¥
{|f+ndpmf+egf+xZs,£Znq'pwlwsuq}s|lm¤'f\eOf\xZs\¥ p5© ¡+¤'v7pwnds|lmv'x u¡+f+pmpmf ~ f\{oaq}nds|f\{o³Æu¡\£Zndf+x<
f\{oy<f\x ~ q'x7s,pwf ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ fp5© f\e,¿
du'v7x0«dPq}¸
v'xZsu|f7¥pmf\{f+±Jf+su{ ~ foprqxdf\nduv'egv ~ ndprqts|lmv'xX{|ndpmf\{¶aq'nzs|f8{³Æu¡\£Zndf+x<
f\{ ~ fp5© q7sulw¤Klws|¡oyJ¡+ulmv ~ lm£Zndf ~ n
egv ~ c+pmf¶{|v'xZsWsu|c8{Wpmlweglws|¡\{\«dfu¡\{|ndp¢sqtsIf8{ss|uc\{IlwegyJv'|suq}xZsb+q}Iv'x¨f8{sb+q}y<q}dpmf ~ f¤7v'lmIp5© ¡\¤'v7pwnzsulwv7x ~ n+v'ndydprq}7f
ÁÂjKW¿5uf+Jv'x ~ ¼Ælmx7suf+u¤tq}pmpwf ~ fs|f\egy{f\xZs|ufpwf,y<v's|f\x7sulwf\pyJv7{(s(¿Â{|Zx<q}yzsulm£Zndflmxdadlmdlws|f\nd¶f+spmfouf+Jv'x ~ £Zndl {(nl¢s{(nd
pmfy<v's|f\x7sulwf\p egf+e,dq}xq'lwuf ~ f\{xdf+nduv'xf\{ ~ f)sKyJfÁ(Á|Á(½f\x1³Æv'x
s|lmv'x ~ fp5© f ¨+q'+l¢su¡ ~ fp5© ÁÂjK «Ef8{{|lwe,ndprqts|lmv'x<{
{|f+uv'xZsb+v'xz³Æuv'xZsu¡+f\{q'nz ~ v7xdxd¡\f\{b¡+pmf\
s|uv'ydaKz{|lwv7pwv7'lr£7nf\{\«
À qU®'n|f ¼Y=7½)egv7x7su|f      f+xÃ³Æv'x<s|lmv'x ~ fpY© f¨+q7
lws|¡ ~ fpmq¯
v7xdxdf
zlmv'x ? b¿ f+u'lr£7nflmxdadlmdl¢su|lr
f
yJv'nd ~ lw±J¡\|f\xZs|f\{¤tq}pmf+nd{ ~ f\{b
v7x{(suq}xZsuf\{ ~ fsuf+egy{ ~ f¸prq ~ Kxq'eOlr£Zndf ~ f¶xf+nduv'egv ~ ndprqtsulwv7x0«7Indlm{u£Zndfpwf8{If+±Jf+su{
~ fXprq¯xdf+nduv'egv ~ ndprqtsulwv7xÃ{|ndpmf\{gaq'nzs|f8{g³Æ|¡8£Zndf+x+f\{ ~ f1p5© q7sulw¤Klws|¡XyJ¡+ulwv ~ lr£Zndf ~ n°eOv ~ c\pwfX{|v'xZsgs|uc\{gpmlweglws|¡8{+¥
p5© f \q'+l¢su¡ ~ fprq¹+v'xdxdf+zlwv7x ? b¿ f+u'lr£Zndflmxdadlmdlws|ulm+ff8{s ~ v7xpmf1{(f\ndpbeO¡8+q'xdlm{|egfª§eg»+egf ~ fegv ~ ndpmf+
~ f³´q 
v'xX{|lw7xdlw®<+q}s|lm¤'fpwf8{aq'nzs|f8{b³Æ|¡8£Zndf+x+f\{q'nX




v'x ~ ndlws¸ª³Æv7|e,ndpmf+ ~ f+nz
aKKy<v's|adc8{(f8{0Å
M¿ f+xu¡+7pmq'x7seOlmf+ndpmf\{yq'uq'eOc+s|uf\{ ~ noegv ~ c+pmf'¥8v'xoy<v7nd|q}lws eglmf+nzoq'ydyduvKaf+0pmf\{|¡8{(np¢sqtsu{ydaKz{(lmv'pmv'7lm£Zndf8{
+q}Ipwfegv ~ c\pwf¶f\{(s£Znq}x ~ eg»\eOf¸£Znq}pml¢sqtsulw¤7f+egf+xZs+v'u|f8s\«'v7ndI+f+prqd¥'lmp<³´q}n ~ q}lwsq'n{|{|ld³´q'lwufndxdf¸q}xq'pwz{|f
egq}s|ad¡\eqts|lr£Zndf ~ n°egv ~ c+pmf1q ~ v'yds|¡1y<v7nd¤'v7lw{\© lmpf8{s'pmv'<q}pmf+egf+xZsgv'nApwvz+q'pwf\egf+xZsl ~ f\xZs|lw®<q}dpmf'«ÊjKlpmf
 &R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1/HF   (s)1




































 =dÅ aq'xd'f\eOf\xZs ~ fXpY© q'
s|lm¤Zlws|¡  ~ n°egv ~ c+pmf ¼8}<½gª¯prq {(nl¢suf ~ fXpY© lmxdadlmdl¢sulwv7x°yd|v7'uf\{u{(lm¤'f ~ fXprq

v7xdxdf+Klmv'x ? b¿5f\|7lm£Zndf¸lwxadlwl¢su|lr
f)yJv'nd ~ l¢±C¡+uf+xZs|f8{b¤tq}pmf+nd{ ~ f)prq ~ Zx<q}eglm£Zndf ~ f)xf+nduv'egv ~ ndprqtsulwv7x0«
eOv ~ c\pwf¸f\{(s'pmv'q'pwf\egf+xZsl ~ f+xZsul¢®<q'dpmf'¥zq}pmv'{+¥ZlmpEx0© f8{syq7{Êf+xegf8{(nduf ~ f|f\yd|v ~ nlwufp5© ¡\¤'v7pwnzsulwv7xq'n
v7nd{
~ nXs|f\egy{ ~ f\{¶aq}nzsuf\{³Æ|¡8£7nf+x+f\{\«JºUq'lm{¶{+© lmpx0© f\{(s¸£Zndf,pwvz\q}pmf+egf+xZsl ~ f+xZsul¢®<q'dpmf'¥Jlwpy<v7nduuq'l¢sf+zlm{(s|f\ndxdf
<v7xdxdfydprq}7f ~ fy<q}q}egc
su|f8{Pq:¤'f\bpmf\{u£Zndf+pr{Wpmfegv ~ c+pmf{|f+q}lwsª)eg»+egf ~ f|f\yduv ~ ndlwufp5© ¡\¤'v'pmnzsulwv7x¨q}n¨
v7nd{
~ nsuf+egy{ ~ f\{aq'nzs|f8{Ê³Æ|¡8£Zndf+x+f\{\«
­¿ lwpzf+Klr{(s|fbndxq}nzsu|fbeg¡\\q}xdlr{|eOf£Zndf+f+pmndl ~ fp5© f \q'+l¢su¡ ? b¿ f+u'lr£7nflmxdadlmdlws|ulm+f'«Zfeg¡\\q}xdlr{|eOf{|f+q}lws
|f8{(yJv'x{uq}pwf ~ na<q}xd7f+egf+xZs ~ f\{Êlmx7suf+u¤tq}pmpwf8{lmxZs|f\(¿ <v7nz±C¡+f\{suv'nzsq}npwv7xd ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs ~ n|¡8{(f8q}n
f+eo|7v'xdxq'lwuf'«}¶xgy<f\x{|f£7n © lmp<{\© q''lws ~ © nxeO¡8+q'xdlm{|egf ~ f|¡\'ndprqtsulwv7x,lmxZs|ulwx<{(c8£7nfq}nzoxf+nduv'xdf8{ ~ fbsKy<f
Á(Á(Áb£Zndl0{|f+q}lwsbypwnzsuË}sndxX+v'ndq}xZsblwv7xdlm£Zndf   <«
"  1  8 Í  Ñ}Ï! ´Í I K 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UÏ  3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À q,®7ndufO¼57}½egv'xZsu|fpmfaq}xd7f+egf+xZs ~ f)prq,yJ¡+ulmv ~ f ~ © q7s|lm¤Kl¢su¡)lwx ~ ndlwsyq}ndxf)lwxdalwdlws|lmv'x1yduv'7|f8{|{|lm¤'f ~ f
prq+v'xdxdf+zlwv7x ? b¿ f+u'lr£Zndf'«EÀ f\{¶s|uv'lr{¶+v'nduJf\{¸lwpmpmn{su|f\xZs+f\{¸egv ~ l¢®<\qtsulwv7x{¸y<v7nd¸s|uv'lr{ ~ lw±C¡+uf+xZsu{xdlm¤'f8q}nz
~ fOxdf+n|v7eOv ~ npmq}s|lmv'x ~ v7xdxd¡8{ ~ q'x{¶pY© q}ydyJf+x ~ lm+f¼Y·f\¤dz¥E·f\¤z¨f
s)·¶f+¤Kh ~ q}x{¶pwfOyq'uq''q}ydadf¨¼ ¶« hK½(½
«C·¶fgaq}nds
f+xSq'{\¥v7x v'{|f+u¤'f¨£Zndfpmq ~ Kxq}eglr£Zndf ~ fxdf+n|v7eOv ~ npmq}s|lmv'x yJf+ueOf+s ~ f|f\yduv ~ ndlwufndxdf1q'
s|lm¤Kl¢su¡¨v'{|f+u¤'¡\f
~ nÃ|¡8{(f8q}n f\eodu'v7xdxq}lmuf ~ fXUJv'nz±C¡+f8{osuv'nzsuf\{Opmf ;}'{¼´·¶f+¤KhZ½
¥ ~ f ;U<v7nz±C¡+f\{,suv'nzsuf\{Opwf8{;}7{¼Y·f\¤KZ½f+s\¥
f+xd®x0¥ ~ f1UJv'nz±C¡+f8{suv'nzsuf\{Opwf8{<;}7{¼´·¶f+¤d7½¼´pwf8{,¤tq'pwf\ndu{oxKndeg¡+ulm£Zndf8{ ~ f8{oy<q}q}egc
su|f8{o{|v'xZs ~ v7xdxd¡\f\{ ~ q}x{
p5© q'ydy<f\x ~ lr
f§¼ ¶« hK½(½
«À f\{)su|v7lm{y<v7lwxZsu{of
zyJf+ulwegf+xZsq}nz¯lwx ~ lm£Znd¡8{yq'ndx ~ lr{u£7nf¨xdv'lmo{|ndprq1®<«¼YZ}½v7xZs¡
s|¡
nzsulwpmlm{|¡\{¸yJv'nd)u¡+7pwf\pmf\{yq'uq'egc
s|uf\{ ~ n¯eOv ~ c\pwf7¥0³«Eyq'uq''q}ydaf¨¼´d«m8½




fo¼     ½Plmxnf+x+fpmqy<¡\|lmv ~ fyq'Iyq'pwlmf+8¥ ~ f³´q 
v7xdunzsuq'pwf7¥7q}negv7eOf\xZs~ f¨p5© q}ydyq'|lws|lmv'x ~ © ndxdf¨xv'nd¤7f+pmpwfgJv'nz±C¡+f7«À q1xf+nduv'egv ~ ndprqtsulwv7xv7ndf¨pmf|Ë7pwfydulmx
lmyq}p ~ q}x{pwfu¡+7pmq''f ~ f¨prq
yJ¡+ulwv ~ f ~ © q'
s|lm¤Zlws|¡7«
À q ®'ndufS¼5}7½¨egv'xZs|ufUpmf¹aq'xd'f\eOf\xZs ~ f§prq ~ nd|¡\f ~ f¹pY© lwxZsuf+u¤:q'pwpmf ~ f¹{|lwpmf+x+fUlmx ~ ndlwsy<q}nx dpmvz+q}7f
yduv'7|f8{|{|l¢³ ~ f¸prqg
v7xdxdf
zlmv'x ? b¿ f+u'lr£Zndf'«z v'n ~ f\{byJf
s|lws|f8{¤tq}pmf+nd{ ~ f)p5© f \q'+l¢su¡ ~ nK? Êo¥dp5© q'ydyq}ulws|lmv'x
~ © ndxdfXxdv7nd¤'f\pwpmf1<v7nz±C¡+fX³´q'l¢sq'nd'egf+xZsuf+ ~ f1³´q +v'x°dunzsuq'pwf1p5© lmxZs|f\|¤tq}pmpmf ~ fU{(lmpmf+x+f'¥Pprq y<¡\|lmv ~ f ~ © q7sulw¤Klws|¡Xf
s
prq ~ n|¡\f ~ fpY© ¡+ylm{|v ~ f'¥P³«®<«¼Y7'½)f+s,®<«¼Y}Z½« Wpmn{OpY© f¨\q'
lws|¡lmxdadlmdl¢su|lr
f ~ n ? b q'nd'egf\x7suff+sgypwn{
p5© q'nd'egf+xZsqts|lmv'x ~ fgpmqy<¡\|lmv ~ fOf\{(spmlm¡+fgªp5© q'nd'egf\x7sqtsulwv7x ~ fOpmq ~ ndu¡+f ~ fgp5© ¡\ydlm{|v ~ f1¼´+q'n{|¡+fOyq}p5© q'ydyq}ulws|lmv'x
~ © ndxdfgxdv7nd¤'f\pwpmf,Jv'nd±J¡\f8½¶ydpmnzs|Ë's)£Zn0© ªndxdfq}nd7egf+xZsuq}s|lmv'x ~ fgprq ~ nd|¡\f ~ fOp5© lwxZs|f\|¤tq'pwpmf ~ fg{|lmpwf\x
f7«Cn ~ f+prª ~ f
:¿ÂUJv'nd±J¡\f\{gyq'O¡\ydlr{(v ~ f7¥p5© q'sulwv7x ? b¿ f+u'lr£7nfx0© q¯yduq}s|lr£Zndf+egf+xZsgydpmn{q}n+ndxSf+±Jf+s¨{(ndgp5© lmxZs|f\|¤tq}pmpmf ~ f
{|lwpmf+x+f ~ n1|¡8{(f8q}n0¥zeq'lm{{|f+ndpmf+egf\x7s{|ndpmf)xdv'e,duf ~ f)<v7nz±J¡\f\{y<q}¡\ydlm{|v ~ ff
s{|ndprq ~ ndu¡+f ~ f)p5© ¡\ydlr{(v ~ f7«J¶x
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U:VWXY
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 7zÅ]jzlwe,ndpmq}s|lmv'x{ ~ nSaq'xd'f\egf+xZs ~ fpmq§y<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡|Zsuadeglm£Zndf ~ n egv ~ c+pmf ~ fpmqU®«Ê¼8}<½oª
prq¨{(nl¢suf ~ fp5© lmxdadlmdlws|lmv'xXyduv'7|f8{|{|lm¤'f ~ fprq¨
v7xdxdf
zlmv'xK? b¿5f\|7lm£Zndf)lmxdadlmdlws|ulm+fy<v7nd ~ l¢±C¡+uf+xZs|f8{¤tq}pmf+nd{ ~ f
xdf\nd|v7egv ~ ndpmq}s|lmv'x0¥K¤7v'lmsuf
Ks|f7«À0f8{ ~ lr{|£Zndf8{bxdv'lmu{Êlmx ~ lr£Zndf+xZspmf\{byJv'lmx7s{ ~ f³Æv'x<s|lmv'xxdf+egf+xZsydaKz{(lmv'pmv'7lm£Zndf8{ ~ n
u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f¸f+x³Æv'x
s|lmv'x ~ f8{|£Zndf\pm{bpmf\{byq'uq'egc




















Silence period 1/LF (s)
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 }dÅaq}x'f+egf\x7s ~ fpY© lmx7suf+u¤tq}pmpwf ~ f¶{(lmpwf\x
f ~ fpY© q'
s|lm¤Kl¢su¡|Zsuadeglm£Zndf ~ nu¡\{|f\q'n ~ fpmq)®«¼(\'<½Pªprq){(ndlws|f
~ npwvz+q''fPyduv'7|f8{|{|lw³ ~ fIpmq+v'xdxf
zlwv7x ? b¿ f+u'lr£ZndfPlmxdadlmdl¢su|lr
fyq}q}ydypwlr+q}s|lmv'x ~ fIlm+n
ndpmpmlwxdfÊª ~ lw±J¡\|f\xZs|f\{
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f+x ~ ¡ ~ ndl¢s£Zndf'¥Kndxf³Æv'lr{Êyq'{u{|¡¶:¿ÂJv'nz±C¡+f8{Iy<q}Ê¡+ydlr{(v ~ f7¥Kpmqoxdf+nduv'egv ~ ndprqtsulwv7xf\{(sÊpmf{(f\ndp<eg¡8+q}xlm{|egf¶ªeg»\eOf
~ f)egv ~ ndpmf+prqO¤:q'pwf\nd ~ f)p5© lmxZs|f\|¤tq}pmpmf ~ f{|lmpwf\x
f7¥³«z®<«0¼Y'7½
«





~ fydpmn{bf+xydpmn{Ê³´q}lmdpmfq:¤7f\pwfxdv7eoduf ~ fJv'nz±C¡+f8{bf
sv'xv'{|f+u¤'f¶ndxdf){|v'|s|f ~ f¸{uqtsundqts|lmv'x ~ f)
f¸eg¡\+q'xdlr{(egf'«
ÀW© q}n'egf+xZsuq}s|lmv'xdunzsuq'pwf)f8{spmlw¡\fªgpmqgpmf+xZsufq'sulwv7x1xdf+nduv'egv ~ ndprqtsu|lr
flmxdadlmdlws|ulm+f¨¼  
 ½« xdf)Jv'nz±C¡+fo{|ndyz¿
ydpm¡+egf+xZsq}lm|ff+xZs|q:²Çxdfnxdflmxdadlmdlws|lmv'xÃydpwn<{,7uq'x ~ f¨f+sBtÀIA ~ f+¤Klwf\xZs,ydpmn{O'q}x ~ «·,© nxÃq}nds|uf
Ë's|¡7¥v7xS{uq}lws
q}n<{|{|l0£Zndfpwf8{{(Kxq'y{(f8{by<f\nd¤'f\xZs{uqtsunduf+ªg+q}n<{(f ~ n1xdv7eoduf¶pmlmeOlws|¡ ~ f+q}x<q}nz{|Kxq}yzsulm£Zndf8{bydu¡\{|f+xZsu{ ~ q'x{bpmf
xdf\nd|v7xdf¼´
³«'³Æv7xsulwv7x7q'eOeq ~ q'x{Wpmfyq'uq''q}ydaf¸¼ ¶« Z½ ~ fp5© q}ydyJf+x ~ lm+f8½«Klmx{|lY¥7pmqo{|q}s|ndqtsulwv7xg£Zn0© v'xgv7{(f\|¤7f
f\{(sydpmnzs|Ë's ~ ndf)ªgndxdf){uqtsunduq}s|lmv'x ~ f\{bu¡\+f+yzsuf+nd{Êy<vZ{s|¿ {|Kxq}yds|lr£7nf\{\«
Alwx<q}pmf+egf+xZs\¥<v'xXq¨q'n{|{|l0ndxUs|uv'lr{(lmc+egf)u¡\{|ndp¢sqtslmegy<v7(sq}xZs Å BtÀIA xdf¤tq'|lmf)yq'{f+x1³Æv7xsulwv7x ~ fp5© f \q'+l¢su¡
~ fgprq+v'xdxf




s|lmxKn ~ fp5© q}nd7eOf\xZsuqtsulwv7xX
v'xZsulwxKndf ~ fop5© f \q'+l¢su¡ ? b¿ f+u'lr£Zndf'«<À0f\{xdf+n|v7dlwv7pwv7'lr{suf\{Ê³´q'lm{uq}lmf+xZsp5© aKKyJv}s|ac\{|f
~ © ndx ~ ¡+¤7f+pmv'ydyJf+egf\x7s ~ lr{|+v'xZs|lmxKnq'n+v'nd{ ~ ns|f+egy{ ~ f\{bu¡\
f\yzs|f\nd{Ê{|Kxq}yds|lr£7nf\{ ? b¿ f+u'lr£Zndf\{¼ ~ 0¥dyJv'nd
f





spmf¶yad¡+xdv7egc+xdf ~ f ~ lr{|+v'xZs|lmxKndl¢su¡¶f8{s ~ 1ª ~ f\{Êdlw³Ændu\qtsulwv7x{q7{|{|vz
lm¡+f8{
ªOpmqO¤tq}pmf+n ~ f)pY© f¨\q'
lws|¡ ~ f)prqg
v7xdxdf
zlmv'x ? b¿ f+u'lr£Zndf¸lwxdalwdlws|ulr
f'«
    
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ÒY  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Ï 3 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Ò zÏ+ YÍ  #	K KÒY  K	tÍ  K #	Ï 3 
 ZÏ < Í<­\Ï+ Y¹Ò dÏ+ ´Í   ,J  dÒ Y\ K
xf{sulwe,ndprqts|lmv'x q'ydydpmlm£Znd¡\f¨q}nz {(f\ndpm{oxdf+n|v7xdf\{ ~ f¨sZyJf¨Á|Á(Á¥ v7n ndxdf{(s|lmeondprqtsulwv7x '¡\xd¡+q}pmlm{|¡+fgªUaq7£Zndf





³Æq'sq}lm|f ~ © q'sulw¤tq}s|lmv'x ~ f)aq'£Zndfxdf\nduv'xdf7«
"  8
#  Ï+ Y¹Ò dÏ+ ´Í   :3  # Z# tZ  d
À0v7u{u£ZndfOpwf8{)xdf+n|v7xdf\{ ~ n¯egv ~ c\pwf§¼(\'<½{(v7xZs¸suv'n{o{(v7ndeglm{ª ~ f\{{(s|lmeondprqtsulwv7x{)q}ydl ~ f8{+¥Csuv'nzsuf\{)pmf\{7X{+¥
pmf)|¡8{(f8q}n1{(f{|Kxaduv'xdlr{(f{|nd
f8{{sulwe,ndprqts|lmv'x<{f
Ks|¡\|lmf+n|f8{f+syduv ~ ndlwsndxdf{|f+ndpmf)<v7nz±C¡+f)yq'¡+ydlr{|v ~ f'¥d³«®«







 IDdÅMsulw¤Klws|¡ ~ n u¡\{|f\q'n ~ f¨xdf\nd|v7xdf\{ ~ f¨pmqX®«Ê¼\'<½¸egf\{|ndu¡+f{|ndpmf¨yJv}s|f\xZs|lmf+p ~ n xdf+nduv'xf ~ fsKy<f
Á«Ca<q}xd7f+egf+xZs ~ n§xdv'e,d|f ~ f<v7nz±C¡+f\{¶yq'¡+ydlr{|v ~ ff
s ~ fp5© q7s|lm¤Kl¢su¡ouZs|adeglr£7nf ~ nXu¡\{|f\q}n1yduv ~ ndlws¶yq'ndxdf
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"  8 1  Ï+ Y¹Ò dÏ+ ´Í   # Z  K tÍ  K    Ñ!)	tÍ   ´ zÏ! ´Í 
À0foeOv ~ c\pwfof\{(s¸ªeg»+egf ~ f,{|Zx<ad|v7xdlr{(f\{(v7xUq'sulw¤Klws|¡uZs|adeglr£Zndfoq:¤'f8 ~ f\{¶{sulwe,ndprqts|lmv'x<{f
Ksu¡+ulwf\nd|f8{+«<À0f\{
xdf\nd|v7xdf\{¶v'xZs¡
su¡O{(s|lmeondpm¡\{¸lmxdlws|lrq}pmf+egf+xZs)q:¤'f\ ~ lw±J¡\|f\x7s{¶s|f+egy{ ~ fOprqts|f\x
f1¼ÆlmxZs|f\|¤tq}pmpmf ~ f,s|f\egy{¸f+xZs|uf,prq®<x
~ n ~ f+uxdlmf+¸¡+ydlr{|v ~ fO{|y<v7xZsuq}x¡of
s)prqy|f\eOlmc+uf,{(s|lmeonpmq}s|lmv'x<½f
sª ~ l¢±C¡+uf+xZsuf\{¸y<¡\|lmv ~ f\{\¥C³«C®<« ¼Y'Z½«E ¤7f\ ~ f\{
{(s|lmeondprqtsulwv7x{Iq}yl ~ f8{If+sndxyJf
sul¢sbs|f\egy{ ~ f¶prqtsuf+x+f'¥Kp5© q7s|lm¤Kl¢su¡¶uZs|adeglr£Zndf ~ nu¡\{|f\q}n{(f¸|¡ ~ ndlwsbª ~ f\{Ê¡\ydlm{|v ~ f\{

v7egy<vZ{(¡8{,{|f+ndpmf+egf\x7s ~ f ~ f\nz Jv'nz±C¡+f8{+¥W
³« ®«¼´7}<½
« µWx­q}nd7eOf\xZsuq}xZsOpmq¹y<¡\|lmv ~ f ~ f\{g{(s|lmeondprqtsulwv7x{Of
spmf
s|f\egy{ ~ f¶prqtsuf+x+f'¥Kv'xv'{|f+u¤'f£Zndf¸pmf\{¡+ydlr{(v ~ f8{b{(v7x7sb




sndxdf)yJ¡+ulmv ~ f ~ f){(s|lmeondprqtsulwv7xypwn{b7uq'x ~ f7¥Zv7xyJf+nzsq'n{u{(lEq}pws|f\|xf+ ~ f\{q7sulw¤Klws|¡\{

v7egy<vZ{(¡\f\{ ~ f ~ f+nzgJv'nz±C¡+f8{Wyq' ~ f\{I¡+ydlr{|v ~ f\{W+v'egy<vZ{(¡8{ ~ © ndx¨ydpmn{I'q}x ~ xdv'e,duf ~ fJv'nz±C¡+f8{+¥Z³«'®«J¼´' ~ ½«
















































s|lm¤Zlws|¡ ~ nXu¡\{|f\q}n ~ fxdf+n|v7xdf\{ ~ foprqg®<«¼8}<½eOf8{(n|¡\fo{(npmfoyJv}s|f\xZs|lmf+p ~ nXxdf+n|v7xdf ~ fosZyJfÁ«
ÁÂxnf+x+f ~ f\{{(s|lmeondprqtsulwv7x{{|ndpwf)xv'eo|f ~ f)Jv'nz±C¡+f8{yq}¡\ydlr{(v ~ ff
s{|ndp5© q7sulw¤Klws|¡|Zsuadeglm£Zndf ~ nu¡\{|f\q}n «
À0feOv ~ c\pwff\{(sq}lmx{|l<+q'yq}pwf ~ f|f\yd|v ~ nlwufpwf¶
v'egyJv'|s|f\eOf\xZs
prq'{u{(lr£Zndfv'ds|f+xKn¨ª)prq{|ndlws|f ~ f¶{sulwe,ndpmq}s|lmv'x{
q}ydl ~ f\{ Å ~ lmeglwxKnzsulwv7x ~ n­xdv7eoduf ~ f§Jv'nd±J¡\f\{¨y<q}¨¡\ydlm{|v ~ fUf+su¡+'uf\{u{|lwv7x ~ f¹pY© q'
s|lm¤Zlws|¡§|Zs|aeOlr£Zndfn{u£Zn0© ª
v'ds|f+xlwndxfq'sulw¤Klws|¡)
v7egyq}q}dpmfªO+f+pmpwf ~ f\{byduf+eglmf+{{sq ~ f8{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ n1u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f7«
 &R"!
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¶xyJf+nzsbeq}lmx7suf+xq'xZsIyduv'yJv7{|f+WndxeOv ~ c\pwf ~ n¨u¡\{|f\q'n|adv7eoJv'eg¡+ulr£7nff+x¨u¡+ydpmlr£7n<q}xZsIpmfegv ~ c+pmf ~ n|adv7eO¿




vKv7 ~ lmxq}s|lmv'x ~ fp5© q7sulw¤Klws|¡ ~ nu¡\{|f\q'n0«KÀ0fegv ~ c+pmf¶f8{sq7{(¡{(nsu|v7lm{b\q}q'su¡+ulm{(s|lr£Zndf\{Iydulwxz¿

lmyq'pwf8{0Å
 pmqgxdf\nduv'egv ~ ndprqts|lmv'x «dÀ qgxdf\nd|v7egv ~ ndpmq}s|lmv'x1f\{(s¶+v'x{|l ~ ¡+u¡+flm+l+v'egegf)ndxXydad¡\xdv'egc+xf ~ fo
vKv7 ~ lmxq}s|lmv'x




s|lmv'xUf\x§v'yy<vZ{(lws|lmv'x ~ f,yaq'{|f ~ f8{¸xdf+nduv'xf\{ ~ fOsZyJfOÁ(Á(Á¶f
s ~ f\{¸xdf\nduv'xdf8{ ~ f,sKy<fOÁf+sÁ|Á«EÀW© q'sulwv7x
f+x1v'ydyJv7{|lws|lmv'x ~ fyda<q'{|f)f\{(s|¡8q}pmlm{|¡+f)7uÄ7
f)ªgndxXuf




s|s|f)yq'(sulwff\{(s{(|f\eOf\xZsbprqOegv'lmx{ ~ ¡+¤7f+pmv'ydyJ¡+f ~ negv ~ c+pmff
sprq,egv7lwx{

v'egydulr{(f ~ n1|¡8{(f8q}n0« ½
Type III Type II








fOª¨p5© q7sulwv7xUxdf+n|v7eOv ~ npmq}s|ulm+f8½f+s{|v'x§xdv'e,d|f ~ fO<v7nz±J¡\f\{g¼Æ7uÄ7
foªpY© q'
s|lmv'x ?¸pwnz¿
f+u'lr£Zndf8½ªp5© q'nzs|uf'«'jzldv'xq}pws|c\|f+f\{Plmxz³Æv'ueqtsulwv7x{+¥tq'nOpmlmf+n ~ © q:¤'v'lm ndxdfJv'xdxf
vKv' ~ lmxqtsulwv7x,f\x7su|fbpmf\{ ~ l¢±C¡+uf+xZsu{
uadv'e,<v7eOc\|f8{+¥Kv7xv7{(f\|¤7f ~ f\{{|l¢sunqtsulwv7x{ ~ f)yq}s(s|f\|x1q}pws|f\|x¡\{\«
 ndxdf,+vKv' ~ lwx<qts|lmv'xXf\xZs|ufpwf8{ ~ l¢±C¡+uf+xZsu{¶uadv'e,<v7eOc\|f8{ ~ n¹|¡8{(f8q}nXu¡
s|lr
npmq'lwuf'¥J£7nlyJf+uegf




{(v7x§xdv7eoduf ~ f<v7nz±J¡\f\{)ªp5© f\x{(f\eodpmf ~ n¯|¡8{(f8q}n§uadv7eoJv'eg¡+ulm£Zndf7«0jKlPndxdfgsuf+pmpwf
vKv7 ~ lmxq}s|lmv'x ~ f+¤Klwf\xZs
eOv7lwx<{f \q'+f'¥CpY© q'
s|lm¤Kl¢su¡ ~ n¹|¡8{(f8q}nUyJf+nds»+s|ufO\q}q'
s|¡+ulr{(¡\fyq}¸ndxdfgq}pws|f\|x<q}x+f ~ f8{¶¡\ydlr{(v ~ f8{¸q:¤7f\)nx
xdv'e,d|f ~ lw±J¡\|f\xZs ~ f)<v7nz±C¡+f\{\«
À0fegv ~ c\pwf¶eOv7xZs|ufdlmf+x£Zndf7¥Z{|lJpmq)yJ¡+ulmv ~ f ~ f{sulwe,ndprqts|lmv'xf8{sÊs|uc\{ ~ lw±J¡\|f\x7suf ~ f¸prq)y<¡\|lmv ~ flmxZs|ulwx<{(c8£7nf





l0f8{s ~ UªgpmqgyJv7{u{(lmdlmpwlws|¡ ~ © lmegy<vZ{(f\ ~ f\{{sulwe,ndpmq}s|lmv'x{















f\{(s¶q}pws|¡\|¡7¥dv'xXyJf+nzsq:¤'v7lw ~ f8{¶{|lws|nq}s|lmv'x{ ~ © q'p¢suf+uxq}x+f ~ fy<qts(suf+ux0¥<+v'egegfpmfegv ~ c+pmfpwf,egv'xZs|uf{(nprq
®«0¼Y7'½
¥dq:¤'f8¶+f+yJf+x ~ q'xZsndx1f+xZs|q:²Çxdf+egf\x7s ~ f¸sKyJf'Å d«
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 JZzÅXsulw¤Klws|¡ ~ n|¡8{(f8q}n ~ f¸xf+nduv'xdf8{ ~ fpmqo®<«0¼\'<½egf\{|nd|¡\f){(ndbpmfy<v's|f+xZsulwf\p ~ nxdf+nduv'xf¶Á¼´qZ½If+s{(nd
pmfy<v's|f+xZsulwf\p ~ ngxdf\nd|v7xdf ~ fbsKyJfÁ(Á(Á¼´<½«7ÁÂxndf\x
f ~ f\{W{(s|lmeondprqtsulwv7x{P{|ndWpmfxdf+nduv'xf ~ fbsKy<fÁf
sIÁ|ÁÊ¼´lwx ~ lm£Znd¡\f\{
yq' ~ f\{I¡
suv'lmpwf8{u½P{|ndWpmfxdv7eoduf ~ fJv'nd±J¡\f\{Wy<q}W¡\ydlm{|v ~ ff+s{(nIp5© q7s|lm¤Kl¢su¡u7suadeglm£Zndf ~ n¨|¡8{(f8q}n0«tÁÂp<Oq¥7+v'egegf
~ q'x{pmf\{¸+q7{y|¡8
¡ ~ f+xZsu{¶ndxdfO{(Kxaduv'xlm{uqtsulwv7xXf+xZs|ufopmf\{¸{sulwe,ndprqts|lmv'x<{f+s¶pmf\{¸¡+ydlr{|v ~ f\{\¥<eq}lr{\¥<yq'¸+v'xZs|uf'¥<lwp 
ndxdfq'p¢suf+uxq}x<
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ÁÂpf8{sIs|uc\{Plmegy<v7(sq}xZsIf
slwxZs|¡\|f8{|{uq}xZs ~ © f
zydpmlr£7nf+Wprq
vZq'




f+xZsu|fpmf\{ ~ lw±J¡\|f\xZsu{uadv'e,<v7egc+uf\{Êy<v7ndv'ds|f+xlwndxf{(Kxaduv'xlm{uqtsulwv7x ~ f\{q7sulw¤tqtsulwv7x{0Å
 3	tÍ 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  Ï KÒ Z  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K #	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 #	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K  À qg
vZq'sulw¤tq}s|lmv'x
f+xZs|ufuadv'e,<v7egc+uf\{xdf¶yJf+ndsby<q'{Ê{(f¶³´q}lm|f¸f+xZsu|f¸pwf8{Ixf+nduv'xdf8{ ~ fsKyJf¶Á|Á(ÁÊ+q}8¥ ~ q}x{b+f¸\q'{\¥7ndxuadv'e,<v'¿
eOc\|fyJv'n|q}lws{\© q7s|lm¤'f\W{|q'x{I£ZndfpY© q}nzsu|f|adv7eoJv'egc+ufbpwf¸{(v7l¢s8«ZjKl<v'x¨{|ndydyJv7{|fq:¤'v7lw ~ f+nzg|av'eoJv'egc\|f8{
of+s4)£ZndlPv'xZs ~ f8{y<¡\|lmv ~ f\{ ~ © q'
s|lm¤Kl¢su¡OlmxZs|ulwx<{(c8£7nf ~ l¢±C¡+uf+xZs|f8{¼ 







s)Á|Á ~ n uadv'e,<v7egc+uf O{\© q7s|lm¤'f\xZs)\q}){uq
y<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡¶lwxZsu|lmx{|c\£Zndff8{sÊy<f+s|lws|f¶suq'x ~ lr{£Zndf¶pwf8{Wxdf\nd|v7xdf\{ ~ fsKyJf¶ÁPf+sÁ|Á ~ nuadv'e,<v7egc+uf Ixf
{+© q'
s|lm¤'f+xZs£Zndf)pwv7u{u£Zndf¸pwf8{bxdf+nduv'xf\{ ~ fsKyJf¸Á|Á(Á ~ n1|av'eoJv'egc\|f{(v7xZsq7sulw¤7¡\{\«
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 Ò  dÏ )Í<  ÍJ52  Àq+v7q'
s|lm¤tqts|lmv'x¹xdfgy<f\nzs)yq'{¸»+s|ufOpmfO|¡8{(ndpwsuq}s ~ f\{yduv}f8s|lmv'x<{
{(Kxq'yzs|lr£Zndf\{¸f+xZsu|fOpwf8{¸xdf+nduv'xf\{ ~ fOsKy<fgÁ(Á¶v'n¯Á ~ © ndx¯|av'eoJv'egc\|f,¤'f+{¸pwf8{¸xdf+nduv'xf\{ ~ fOsKy<fgÁ(Á|Á ~ f
pY© q}nzsu|f)uadv7eoJv'egc+uf'«·¸q}x<{¶+fo+q7{+¥dv7xUx0© q}ndq}lwsyq7{ ~ fo+vKv' ~ lwx<qts|lmv'x1f\x7su|fopY© q'
s|lmv'xXxdf\nd|v7egv ~ ndpmq}s|ulm+f
~ f\{Pxf+nduv'xdf8{Wq}nds|v'uZs|adeglr£Zndf ~ © ndx|av'eoJv'egc\|ff+sIpY© q'
s|lmv'xgxdf\nd|v7egv ~ ndpmq}s|ulm+f ~ f\{Ixdf+nduv'xf\{Wq'nzs|v7|Zs|ad¿
eOlr£Zndf ~ fXp5© q'nzs|ufXuadv'e,<v7eOc\|f7«PµWx­f
±Cf
s8¥Iv7xAq ~ ¡\egv'xZs|u¡U£Zndf'¥Iª p5© lwxZs|¡\|lmf+n ~ © nx­|adv7eoJv'egc+uf'¥Ppmf\{




s(sufuf+eq}£Zndf{+© q}yydpwlr£Zndf ~ f¶pmqeg»+egf³´q 
v7x£7n<q}x ~ v7x¤'f+nds
vKv' ~ v7xdxdf+Pypwn{|lmf+nd{Wuadv'e,<v7egc+uf\{0Åtpmf\{
xdf+nduv'xf\{bq}nzsuv'uZs|adeglr£7nf\{ ~ v7lw¤7f+xZsÊ¡8aq}x'f+ ~ f8{ (lwxz³Æv7|eq}s|lmv'x{  ~ f)xdf\nd|v7egv ~ ndpmq}s|lmv'x0«
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 <)ÍJ  ÍJ52  f+s(sufaKKy<v's|adc8{(f¶f\{(sÊª)f+z+pwn|f¶ydndlr{|£Zndfp5© v'x{uq}lwsÊ£Zndf¶pwf8{Ixdf\nduv'xdf8{
~ fsKy<fÁ(Á)xdfyd|v'f
s|s|f+xZsoy<q'{o{|nd,pwf8{xdf\nd|v7xdf\{ ~ fsKyJfÁ« ·fydpwn<{pmfxdf\nd|v7xdf ~ fsZyJfÁ|Á)x0© f\{(soyq'{
|f8{(yJv'x{uq}pwf ~ f8{,q7sulwv7x{ ~ fxdf\nd|v7egv ~ ndpmq}s|lmv'x ªXp5© lwxZs|¡\|lmf+n ~ nS|adv7eoJv'egc+uf¨f+s,lmpxdfy<f\nzs ~ v'xyq'{











s|lmv'x0¥Puadv'e,<v7egc+ufy<q}uadv'e,<v7eOc\|f7¥ ~ f\{{(Kxq'y{(f8{?¸pwnz¿ f+u'lr£Zndf\{gf+s¨xdf+n|v7eOv ~ npmq}s|ulm+f\{g¤'f\u{gpmf\{
xdf\nd|v7xdf\{ ~ f¶sKyJf)Áf+sÁ(Á ~ f\{q'nzs|uf\{Êuadv'e,<v7egc+uf\{0Å
       :  Xf+xZsu|fpmf\{)xf+nduv'xdf8{ ~ fsKy<fÁ ~ © ndx |av'eoJv'egc\|fg¤'f\u{¸pmf\{)xf+nduv'xdf8{ ~ fgsKy<fÁ¸f
s
Á(Á ~ fXpY© q}nzsu|f1uadv'e,<v7egc+ufyJf+ueOf+s¨ndx°¡\aq'xd'f ~ © lwxd³Æv'uegq}s|lmv'x{ ~ fU+vKv' ~ lwx<qts|lmv'xAª¯q'{u{(f³Æu¡\£Zndf+x<
f'«
À0fuadv'e,<v7eOc\|fªXq7s|lmv'x xdf\nduv'egv ~ ndprqts|ulr
fgydpmn{)pmf+xZs|flmegy<vZ{(f{uq ~ Kxq}eglr£Zndfq}n uadv'e,<v7egc+ufOypwn{




 : . ?   C   0/   ; .    0. ~ f\{xdf+n|v7xdf\{ ~ fsKy<f¶Á ~ © ndx|adv7eoJv'egc+uf¤'f\u{Wpwf8{Wxdf\nd|v7xdf\{ ~ fsKyJfÁ
f
sÁ|Á ~ fpY© q}nzsu|f|av'eoJv'egc\|fI+v7q7s|lm¤'fPpmf\{uadv'e,<v7egc+uf\{0{|ndpmqaq}nzsufW³Æu¡\£Zndf\x
f7¥8q'nxdlm¤'f\q'n ~ f\{Jv'nz±C¡+f8{+«




£Zndl{|v'xZs|f8{(yJv'x<{|q'dpwf8{ ~ fXpY© q'
s|lm¤Kl¢su¡U
vKv' ~ v'xxd¡+f ¼Æ7uÄ7
fXª¯pY© q'
s|lmv'x°xdf+n|v7eOv ~ npmq}s|ulm+flmxZs|f+|¿ |adv7eoJv'egc+uf\{½
f+xZsu|fpmf\{ ~ lw±J¡\|f\x7suf\{I|adv7eoJv'egc+uf\{\«}ÁÂpJf\{(sIyJv7{u{(lmdpmf£Zndfpmf\{Ixdf+nduv'xf\{ ~ fsKy<f¶Á q'lwf\xZs ~ f8{Iq'
s|lmv'x{Ixdf+n|v7eOv ~ nd¿
prqts|ulr
f\{¶+q'uq7s|¡\|lr{|¡+f\{Êyq' ~ f8{+v'x{(suq'x7suf\{ ~ f)s|f\egy{ ~ l¢±C¡+uf+xZs|f8{ª¨\q}n{|f ~ © ndxdf ~ lw±J¡\|f\x
f ~ f ~ ¡\¤'f+pmv'yy<f\eOf\xZs
q}n¨+v'nd{ ~ n¨s|f+egy{\¥K
f£Zndl ~ v'xxdf+q}lwsWndxdf¶y<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡¶lwxZsu|lmx{|c\£Zndf ~ lw±C¡+uf+xZs|f{|f+7egf+xZsIyq'I{(f\'egf+xZs ~ n
u¡\{|f\q}n|av'eoJv'eg¡\|lr£Zndf'«zÀ0f8{bxdf+n|v7xdf\{ ~ fsKyJf¸Á|Á(Áb{(v7xZsbypwnzsuË}spmf\{bndxl¢su¡\{ ('¡+x¡+qts|ulr
f\{ ¶£Zndl ~ lw±Jc\|f\xZs|adv7eO¿
Jv'egc+uf¨yq'|av'eoJv'egc\|f¨q'n xdlw¤7f\q'n ~ n xdv7eoduf ~ fu¡\+f+yzsuf+nd{ ? Ê¿5f\|7lm£Zndf7¥ 
f£Zndl ~ v7xdxdf¨nx ¡+ydlr{|v ~ f
lmx7su|lmx{|c\£Zndf ~ lw±J¡\|f\xZs{(f\'egf+xZsbyq}{|f+7eOf\xZs ~ nu¡\{|f\q'nuadv'e,<v7eg¡+ulm£Zndf7«











vKv' ~ lmxqtsulwv7x¹lmxZs|f+|¿ |adv7eoJv'egc+uf\{\¥Cv'x uf
s|uv'n¤'fgpwf8{q'
s|lm¤Kl¢su¡\{)lmxZs|ulwxz¿
{(c8£7nf\{ ~ f ~ f\nzuadv'e,<v7egc+uf\{pwlm¡\{q'nz ~ lw±C¡+uf+xZsu{ ~ f\'u¡\{ ~ f ~ ¡\¤'f\pwv7ydy<f\egf+xZs 







y<¡\|lmv ~ f,lmxZs|ulwx<{(c8£7nf'¥Cpwf8{¸xdf+nduv'xf\{ ~ fOsKy<fgÁf+sÁ|Á ~ fgp5© q'nzs|ufO|adv7eoJv'egc+uf,\q}q'
s|¡+ulr{(¡,yq}¸ndxdfq}nds|uf
y<¡\|lmv ~ flwxZsu|lmx{|c\£Zndf'«KjKlpmf\{ ~ f+nzgyJ¡+ulwv ~ f8{I{|v'xZsI{(lmeglwprq}lmuf\{\¥}pY© q'
s|lm¤Kl¢su¡ ~ n ~ f\nzzlwc\eOf|adv7eoJv'egc+ufbxdf{|f+q
yq'{ su|c8{PyJf+|s|ndu<¡\f 
7{|lprqyJ¡+ulwv ~ f ~ f{sulwe,ndpmq}s|lmv'xf8{sWsu|c8{W
v7nd|s|fv'x¨q'ndq¶nxdf ~ lr{(y<q}ul¢sulwv7xg+v'egydpmc
suf ~ f\{
<v7nz±J¡\f\{ ~ © q7s|lm¤Kl¢su¡ ~ n ~ f\nzzlwc\eOfuadv7eoJv'egc+uf'«}ºUq'lm{P{|ldprqy<¡\|lmv ~ f ~ f{(s|lmeonpmq}s|lmv'xOf\{(sWs|uc\{ ~ lw±C¡+uf+xZs|f ~ f
pmqy<¡\|lmv ~ flmxZs|ulwx<{(c8£7nf ~ n ~ f+ndKlmc+egfÊ|av'eoJv'egc\|f7¥\v7xy<f\nzsWq:¤'v7lw ~ © q'nzs|uf\{ydad¡\xdv'egc\xdf\{ ~ © f+xZs|q:²Çxdf\eOf\xZs
£7nl0
v'x ~ ndlr{(f\x7spmf ~ f+ndKlmc+egf)uadv'e,<v7egc+uf¸ªgq:¤'v7lwÊndxdfq'p¢suf+uxq}x<
f ~ f)ydpmn{(lmf+nu{ÊsKyJf\{ ~ © q'
s|lm¤Kl¢su¡'«
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À qyduv'dpm¡+eq}s|lr£7nfOq'<v7 ~ ¡\fO{\© lwx{u
ulws ~ q}x{¸pmfg\q ~ uf ~ f\{)+v'ndydprq}7f\{q'
s|lm¤tqts|f\nd{¿ lwxadlwl¢suf+nd{£7nlW{(v7x7s¸s|uc\{
{|v'nd¤7f+xZs¸ªpY© v'ulw7lwxf ~ f8{¶uZs|adegf8{dlmv'pmv'7lm£Zndf8{f\x ~ v7'c+xf\{\«J®x ~ fOeglwf\nz§
v7egyd|f\x ~ ufoprq¨7f+xdc8{(f ~ fg
f+|suq'lwx<{
u7suadegf\{ ~ © v7|lm'lmxdf)
f\x7suuq'pwff+sf+x1yq'(sulm+ndpwlmf+ ~ nX|Zs|aeOf)uf\{|ydlmuq}s|v7lwuf'¥Kxdv7n{q:¤'v7x{badv'lr{|l ~ © ¡+s|n ~ lwf\pmf)|¡8{(f8q}n
xdf\nd|v7xq}pu7suadegv'7c+xdfuf\{|ydlmuq}s|v7lwuf ~ nUsu|v7xo+¡+u¡+dq}pf+e,d|7v'xdx<q}lm|f7«<À0f8{¶q'ydyduvzadf\{ ~ f,egv ~ ¡\pwlr{|q}s|lmv'xUf+s ~ f
{|lwe,ndpmq}s|lmv'x1v'xZsyJf+ueglm{ ~ f)¤:q'pwl ~ f\ ~ f\{aZKyJv}suadc\{|f\{lwv7pwv7'lr£7nf\{bf






v'pmv'7lm£Zndf¶x0© q:¤:q'l¢s n{u£Zn0© q}pmv'{{(n|¡\y<v7x ~ uf'«





v'ufo¡+suq'dpwlP{|l+f\{¸u7suadeglm+l¢su¡\{¸u¡\{|ndp¢sq}lmf+xZs ~ f\{¶yd|v7ydulw¡+s|¡\{¶lmx7su|lmx{|c\£Zndf8{ ~ fg
f\(sq}lmx{¶xdf+nz¿
|v7xdf\{¼Yq'
s|lm¤Zlws|¡,q}nzsuv'u7suadeglm£Zndf:½¥<v'nU{|l f+pmpmf\{+v'x{(s|lws|n<q}lmf+xZsndxdfoyd|v7ydulw¡+s|¡ ~ nUu¡\{|f\q'n ~ nXs|uv'x<)
¡+u¡+uq'p
¼´q'
s|lm¤Kl¢su¡ ~ f1u¡\{|f\q'n<½«PÀ0fegv ~ c+pmf1eOv7xZs|uf£Zndf1pY© q'
s|lm¤Kl¢su¡yJ¡+ulwv ~ lr£Zndf1xdf+n|v7xq}pmfxdf1yJf+nzsyq7{O¡+egf+u'f\
~ fop5© q7sulw¤Klws|¡ ~ n§u¡\{|f\q'nXf
s)£7n © lmp f\{(s ~ v7xox¡\
f8{|{uq}lmuf ~ © lmx+pwnduf ~ f\{¶xdf+n|v7xdf\{¸q}nzsuv'uZs|adeglr£7nf\{¸ª¨p5© lmxZs|¡
¿





vKv7 ~ v7xdxq}s|f+nIª)pmv'xdos|f+uegf ~ f¶pY© q'
s|lmv'x¨xdf\nduv'egv ~ ndprqts|ulr






v7|f§pwf¹eOf+s(su|f¹f+x ¡\¤Zl ~ f\x
f7«ÊÀ f
eOv ~ c\pwfyduv'yJv7{|fpY© f
zlr{suf+x+f ~ © ndxdfq'sulwv7x ~ f










sq}lmx{|l £Zn0© f\xZs|uf¸pmf\{ ~ l¢±C¡+uf+xZsu{buadv7eoJv'egc+uf\{\«
 {u{(vz
lm¡+f8{ª ~ f\nzÃegv ~ f\{ ~ f ~ ¡8aq}u'f8{ ~ lm{(s|lmx
su{\¥Iydpmn{|lwf\ndu{v'{|f+u¤tqtsulwv7x{O¡+pmf\su|v7ydaKz{(lmv'pmv'7lm£Zndf8{,v7xZs




eOv's|f\ndu{\«7À f\{xdf+n|v7xdf\{ ~ l¢s{ ~ fsKyJfÁ(Á|ÁI{|f ~ ¡8aq}u'f\x7sWf\x¨v'yy<vZ{(lws|lmv'x ~ fydaq7{(f¸q:¤'f8bpwf8{Ixdf\(³´{egv}suf+nd{+«
À0fIegv ~ c\pwfÊf
sP{|q¶{(lmeonpmq}s|lmv'xegv'xZsu|f\x7s £Zndfprq ~ l¢±C¡+uf+x+lmq}s|lmv'xf\xZs|ufIxdf\nd|v7xdf\{ ~ fsKy<fÊÁ0f
s Á(Á¥:f+sxdf\nduv'xdf8{
~ fsKy<f¶Á(Á|Á¥Zq'lwx{|l<£Zndfpmq{|lmeOlmprq}ul¢su¡f+xZs|ufxdf\nduv'xdf8{ ~ fsKyJfÁ f
sÊxdf+n|v7xdf\{ ~ fsKy<f¶Á(ÁW{|v'xZs ~ f\nzq'{|y<f8su{
lwx ~ lm{|y<f\x{uq}dpmf\{q'n³Æv7xsulwv7xdxdf+egf\x7syaZz{|lwv7pwv7'lr£Zndf ~ n1u¡\{|f\q'nf+e,du'v'xxq}lm|f7«
 °pmq){|ndlws|f ~ f ~ lw±C¡+uf+xZs|f8{Pf
zyJ¡+ulwf\x
f8{ f+xgpmq'<v7uq}s|v7lwuf'¥:p5© aKKy<v's|adc8{(f ~ fpY© f
zlr{suf+x+f
v'x<
v'eglwsuq'x7suf ~ © nxdl¢su¡\{
(+v}¿Âq'sulw¤tq}s|ulm+f\{ gf+s ~ © ndxdlws|¡8{ 7¡+xd¡\uq}s|ulm+f\{ ª¹pY© lmx7su¡+ulwf\nd ~ nÃ{|lwegydpmf|adv7eoJv'egc+ufq:¤tq'l¢sO¡
s|¡1q:¤tq}x+¡+f7«
À0f¨egv ~ c+pmfuf+y|f\x ~ 
f+s(suf{(s|unsund|f ~ q}x{,prq'£Zndf+pmpmfpmf\{xf+nduv'xdf8{ ~ fsKy<fÁ)f
sOÁ(Á{|v'xZs,pmf\{,ndxdlws|¡8{ |
v'¿
q'sulw¤tq}s|ulm+f\{ )uf\{|yJv'x{uq}dpmf\{ ~ fOpY© q'
s|lm¤Kl¢su¡g+vKv' ~ v'xdx¡+ff\x7su|fOpmf\{ ~ lw±J¡\|f\x7s{¸|adv7eoJv'egc+uf\{\«CÀ0f\{¸xdf\nduv'xdf8{
~ f¸sZyJfÁ(Á|ÁÊ+v'u|f8{(yJv'x ~ f+xZsbq'nzndxl¢su¡\{ ('¡+x¡+qts|ulr
f\{ ¶£Zndl ~ lw±Jc\|f\xZsbf\xZs|uf¸uadv7eoJv'egc+uf\{Êyq'Êpmf)xdv7eoduf
~ fpmf+nd{Ê|¡8



















prqO+v'egeq}x ~ f¸xf+u¤'f+n<{(f ~ fprq,uf\{|ydlmuq}s|lmv'xq}nzsuv'eqtsulm£Zndf)q ~ ndp¢suf'«
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fXeqtzlmegq'pwf ~ n +v'ndq}xZs{(Kxq'yzs|lr£ZndfXu¡\{|ndp¢sq}xZs ~ fXprq xdf+n|v7eOv ~ npmq}s|lmv'xlmxdadlmdl¢su|lr
f)f\x1yd|vt¤7f+xq'x
f ~ n1xdf+n|v7xdf ~ fsKy<fÁ¼´d« 'Oe¨jd½ 
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  f+s 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ÅKs|f+egy{ ~ f ~ f\{u
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                    0 0 0 0     #                          ¼57'½
RERTSU:VWXY
;}  K       	   
    
        Å
v'x ~ nsq}x+fXeqtzlweq'pwf ~ n +v'ndq}xZs¨{(Kxq'yzs|lr£ZndfXu¡\{|ndp¢sq}xZs ~ fUprq xdf+n|v7eOv ~ npmq}s|lmv'xf
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fXeqtzlmegq'pwf ~ n +v'ndq}xZs{(Kxq'yzs|lr£ZndfXu¡\{|ndp¢sq}xZs ~ fXprq xdf+n|v7eOv ~ npmq}s|lmv'xlmxdadlmdl¢su|lr
f)f\x1yd|vt¤7f+xq'x
f ~ n1xdf+n|v7xdf ~ fsKy<fÁ¼´d« de¨jd½ 
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f\xZs|f ~ f)p5© µWÊjKÎ¼;''Oe{u½ 
     Åy<v's|f+xZsulwf\p ~ © lwxK¤'f\u{|lmv'x ~ n+v'ndq}xZs{(Kxq'yzs|lr£Zndf¼´Oe ½ 

         JÅ<
v'nuq'x7s{|Zx<q}yzsulm£Zndfu¡\{|ndp¢sq}xZs ~ f)prqo®zq}s|lmv'x ~ f ? b lr{|{|n ~ n1xdf+nduv'xf ~ f¶sKyJf)Á(Á 

                0 0 0 0 0     #     " >"     " >"           ¼Y'Z½  

" >" ÅKs|f+egy{ ~ f)egv'xZs|¡\f ~ f)pY© ÁÂjKÎ¼5}',e{u½ 
   

" /" Åzs|f\eOy<{ ~ f ~ f\{u
f\xZs|f ~ fp5© ÁÂjzÎ¼\7',e{u½ 
        Å+v'x ~ nsq}x+f¸eq}Klmeq}pmf'¥z³«yq}q}7uq'ydadf,¼ ¶« hK½ 
     # f8{s ~ ¡+®xdl ~ q}x{bpmf)yq}q}7uq'ydadfO¼5¶«m8½ 
     ÊÅzy<v's|f+xZsulwf\p ~ © lwxK¤'f\u{|lmv'x¹¼Æ¿ D7Oe ¸½ 

  1  '¶ÍÏ   Ï+ KÒÊ K    6  #m /EI YÒ   #	K  K	tÍ  K # XÏ 3  <<
ÁÂpf8{s¡+¤Kl ~ f+xZs£Zndf§pwf8{¤tq}ulrq}dpmf\{ ~ © ¡+suqts      gf+s       ¥ÊyJv'ndpwf8{¨xdf\nduv'xdf8{ ~ f§sZyJf§Á|Á(Á¨+v'egegfyJv'nd)pmf\{)xf+nduv'xdf8{ ~ fgsKy<fgÁ¸f




  «EµWx f
±Cf
s8¥0pwf8{¤tq}pmf+nd{ ~ © ¡\£Zndlmpwlmduf
 &R"!
  
	  	      ;d
  ! #"$  ¸f+s   ! #"$   q}ydy<q}|s|lmf+xdxdf\xZsoªXpY© lmx7suf+u¤tq}pmpwf d¥m Êy<v7ndsuv'nzs  ¨f+s\¥    f
s    £Zndluf+ydu¡\{|f+xZs|f\xZs ~ f8{yduv'q'dlmpwlws|¡8{+¥Kv'xZs ~ f8{
v7x ~ lws|lmv'x{blmxdlws|lrq}pmf\{£Zndl q'ydyq}|s|lmf+xxdf+xZsq}n{u{|l0ª,p5© lwxZs|f\|¤tq'pwpmf  ¥w 5«
¶x¤tqOegv'xZs|uf+£Zndfpmf\{bxdf\nd|v7xdf\{ ~ f¶sKyJfÁ(Á(ÁÊlr{(v7pw¡8{¸¼Y
v7nduq'xZsu{b{(Kxq'yzs|lr£Zndf\{bxKndpr{½Iv7xZsbnxyJv}suf+xZs|lmf+p0egf\e,¿
dq}xq'lwuf¶+v'x{(suq'xZs  )+q'pmf{(z{(s|c+egf ~ Kxq}eglr£Zndf¶f8{s7pwv7q}pmf+egf+xZsbq'{|Zegyzsuv}sulm£Zndf\eOf\xZsb{(suq'dpwfq:¤'f8+v'egegf
ndxdlr£Zndf)yJv'lmx7s ~ © ¡\£Zndlmpmlwduf¨¼           \½ ~ v7xdxd¡)yq'pY© ¡+Zq}pml¢su¡WÅ 
             %
            ! #"$         ! #"$               %
       %
   5
      ! #"$      
       ! #"$      
¤'f\¸pmf\{b¤tq}pmf+nu{ ~ f8{byq}q}egc+s|uf\{Êpwf)yJv'lmxZs ~ © ¡\£ZndlmpwlmdufqOyJv'nd¤tq'pwf\nd Å
                	 e   5   
  5  5  
¶x yJf+nds1egv7x7su|f\£Zndf7¥byq}1




      #"$ 	     
 	      #"$ 	   
   #"&$  egv7xdv}suv'xdf){(s|ulm
s|f+egf\x7s+|v7lm{u{|q'xZs|f  
. 
      #"$    5  
.      #"$    




    ! #"$      
.    ! #"$    5
q}pmv'{ÊpY© q}yydpwlr+q}s|lmv'x
         #"&$       #"&$          %
    %
      6"&$       ! #"$        %

f\{(sIndxf¶q}yydpwlr+q}s|lmv'x
v7xZs|lmxZnf ~ f  ¤7f+{Ppwf¶
v'egyq7s    %
    ¥7vpmq)¤tq'pwf\ndWeqtzlmegq'pwf f\{(s ~ q'x{Wp5© lmxZs|f\|¤tq}pmpmf    %
       f
s 
 .        %
 f+s            a<q}xd7f ~ f){|lw7xdf¶nxdff
sndxdf{(f\ndpmf¶³Æv7lm{\¥z³«K®<«0¼´ ;'½«·,© q'yd|c8{,s|v'nds|f\{+f\{g
v7x{|l ~ ¡\uq}s|lmv'x{,v'xÃy<f\nzsquegf+g£7nfp5© q}ydydpmlr+qtsulwv7x    ,q¹ndxAndxdlr£7nfyJv'lmxZsg®dzf1£Zndl

v7|uf\{|yJv'x ~ q}ny<v's|f+xZsulwf\p0egf+eouq'xq}lm|f ~ © ¡\£Zndlmpwlmduf   ~ nxdf+nduv'xf ~ fsZyJf)Á(Á|Álr{|v'pm¡'«
À0f8{Ês|uv'lr{Ê¤:q'|lrq}pwf8{ ~ © ¡+suqtso¼ '¥    f
s     ½Êv'xZs ~ f\{ ~ Kxq'eglm£Zndf8{Ês|uc\{ ~ lw±J¡\|f\xZs|f\{ Å ~ © ndxX
Ë}su¡lwp0qndxdf ~ Kxq'eOlr£Zndf,s|uc\{¶uq'ydl ~ f ~ n¹y<v's|f\x7sulwf\p eOf\eodq}x<q}lm|f   gª+q'n{(f ~ n¹+v'ndq}xZs ~ fo³Ænl¢sufOxv'x¹{|yJ¡\
lw®<£Zndf 

~ © ndxq}nzsu|f+Ë}s|¡7¥tlwpoq¸ndxdf ~ Kxq'eOlr£ZndfÊs|uc\{ pmf+xZs|fyJv'n    f
s     +q'Ppwf8{ ¤tq}pmf+nd{ ~ f     #"$ f
s     #"$ {(v7xZss|uc\{o'q}x ~ f\{\«EµWxS
v7x{|¡\£Zndf+x<
f'¥ pwf¨yJv}suf+xZs|lmf+pÊegf+e,duq'xq}lmuf   {(f\uq1lmxz®xlwegf+xZsOuq'ydl ~ ff
s     f
s    lmxz®xdlmegf+xZspwf\x7s{+«d·¸q}x<{Ê+f)+q'{\¥Kv'xf\{(s\q}yq'dpmf ~ f ~ ¡\egv'xZs|uf+bq'{u{(f\¦³´q7
lmpwf\eOf\xZs£Zndfpmf¸{|z{suc+egf¼   7¥    ¥    ½f\{(sI'pmv'q'pwf\egf+xZsWq'{|Zegyzsuv}sulm£Zndf\eOf\xZsP{(suq'dpmf'«}µWxf+±Jf+s\¥  ¡
sq}xZsWlwxd®xdlmeOf\xZsIuq'ydl ~ f'¥}lmpdf8{sWq}ydl ~ f\eOf\xZsyduvzadf ~ fpmqg¤tq}pmf+n Å 
                       %
    %

           %

f
spmf\{b¡8£Znqtsulwv7x{ ~ n1xdf+n|v7xdf ~ f¸sZyJf)Á(Á|Álr{|v'pm¡{|f|¡ ~ ndlr{(f\xZsªÅ
 
       #"$ 

                
   #"$
     ! #"$ 

               
    #"$
¼Yd:½
RERTSU:VWXY
;'  K       	   
    






    #"$
			
			
    6"&$
 7;dÅ¶ydydpmlm\qts|lmv'x      «'f
s(sufÊq'ydydpmlm\qtsulwv7x,qnx,f+sndxO{(f\ndpKy<v7lwxZs®dzfÊ£Zndlz+v'u|f8{(yJv'x ~ q}nyJv}suf+xZs|lmf+p
egf+e,duq'xq}lmuf ~ © ¡\£Zndlmpmlwduf ~ n1xdf+n|v7xdf ~ f¸sZyJf)Á(Á|Álr{|v'pm¡'«
ÀW© q}yydpwlr+q}s|lmv'x







s|v7nzs  ¥Kp5© q'ydydpmlm\qts|lmv'x      Pf8{sbndxdfq}ydypwlr+q}s|lmv'x+v'xZs|lmxKndf¶f+sb{(s|ulrs|f\egf+xZsÊegv7xdv}suv'xdf ~ ¡\+|v7lm{u{|q'xZs|f ~ f  5   ~ q'x{pmndlw¿5eg»+egf7« ÁÂpIf+zlm{(s|f ~ v'xgndxSy<v7lwxZs®dzf  ndxlm£Zndf ~ f
f+s(s|fq}ydypwlr+q}s|lmv'x £ZndlIf8{s³Æv7xsulwv7x ~ f «Àq
¤tq}pmf+nd ~ nyJv'lmxZs®dzff\{(s{(ndyJ¡+ulmf+nduf+egf+xZsJv'uxd¡+f)+q'by<v7nd   5 v7xq

   5
      %
 f+s ~ v'x
    
 (' ),+  -  0 0 0 




       #"$ v7xq  	 5   «ZµIx³´q'l¢s8¥q:¤'f8pmf\{b¤tq}pmf+nu{bxKndeg¡+ulr£7nf\{ ~ v'xxd¡+f8{v7xq   5  «ÀW© q}yydpwlr+q}s|lmv'x




uv'lr{u{|q'x7suff\xaq7£Zndf¶¤tq'|lrq}dpmf  f+s  ¥d
³«K®«0¼Y=Z½«zlmx{|lY¥dyJv'nsuv'nzs
 ¥ p5© q'ydydpmlm\qts|lmv'x !     ¸f8{sonxdfq'ydydpmlm\qts|lmv'x +v'xZs|lmxKndf¨f
sOegv'xdv's|v'xf¨{su|lrsuf+egf+xZs,+|v7lm{u{|q'xZs|f ~ f  d¥m  ~ q}x{pmndl¢¿ eg»+egf'«EÁÂpPf+zlm{(s|f ~ v7xgq}n§egv7lwx{nx¹yJv'lmxZs¸®Kf ~ f+f
s(suf¨q}ydypwlr+q}s|lmv'x0¥E}© f\{(s(¿Âªt¿ ~ lm|f,y<v7nds|v7nzs  f
zlr{sufgq'n
egv'lmx{OndxSyJv'lmxZs   £7nlb{uqtsulm{(³´q}lws        #"$ 

       "«WÀW© ndxdlr
lws|¡ ~ nSyJv'lmxZsO®Kfx0© f\{(sOZq}q}xZs|lmf
£ZndfUyJv'nd ~ f\{y<f+s|lws|f8{¤tq}pmf+nu{ ~ f  «IµWx­³´q'l¢sy<v7nd   5 p5© q'ydydpmlm\qts|lmv'x ! q ndx {|f+npyJv'lmx7s®dzfUydndlr{u£7nf    #"$ 

     5 "     6"&$      
 «6Almxq}pmf+egf+xZs8¥ZyJv'n ~ f¸yJf
s|lws|f8{b¤tq}pmf+nd{ ~ f  ¥zpwf¶y<v7lwxZsb®dzf   f\{(sndxdf³Æv'x<s|lmv'xegv'xdv's|v7xdf)
uv'lr{|{uq}xZs|f ~ f  «
µWxz®<x0¥dp5© q'ydydpmlm\qts|lmv'x)Å
    #"   !             
f\{(sIndxfq}ydypwlr+q}s|lmv'x
v7x7sulwxKndf ~ fpY© f+x<{(f\eodpmf
v7egyq'
sWf




 ~ q}x<{Ppwnl¢¿ eg»+egf'«
·,© q'yd|c8{¸pwfgsuad¡+v7|c\eOf ~ fÊ|v7n f\ >; ¥ElwpIf




zlm{(s|fq'lwx<{(lEndxX+v'ndydpmfndxdlr£Zndf         Is|f+p£7nfWÅ
        #"$ 

         "
        #"$ 

          "
 &R"!
  
	  	      ;'
~ © v¯v'x ~ ¡ ~ nl¢so£Zndf

              ~ © q}yduc\{¸p5© ndxlm+l¢su¡ ~ f    gf+s)yq})
v7x{|¡\£Zndf+xZs        Of
s      7«
  1 




~ nX{|K{(s|c\egfg¼Yd:½q'n1y<v7lwxZs ~ © ¡\£Zndlmpwlmduf             «
 v'ndprqg
v7eOyJv7{uq}xZsuf       Êv7xqÅ


                         ! #"$ 

               
    #"$
     #"$                 #"$ 

               
    #"$         
      #"$                   ! #"$ 

          "             
~ f)eg»+egfyJv'ndprqg
v7eOyJv7{uq}xZsuf       JÅ


                   6"&$                   #"$ 

               
        
¶xy<f\nzs
v7x{(l ~ ¡\|f\b£Znq}s|uf¦+v'xf\{ ~ q'x{bpY© f\{|yq7
f ~ f\{byaq'{|f\{\¥             5     Å
        f
s       ¨¼´
³«z®<«0¼´=Z½Êq:¤'f\     

 f
s     

X½CÅ   ! #"$            "     
   ! #"$ 

          "              	 5                	 5          	 
    6"&$    
        

 
 	    \q}   f\{(sndxdf³Æv'x<s|lmv'xegv'xdv's|v7xdf)
uv'lr{|{uq}xZs|f¸f+x 
          	  
        
 	 5   ! #"$                    5 

       
  	 5       

       
 	     	          
  5   ! #"$                   	 5 

        
   	 5       

f
sWyJv'nd        v7xgq  
    yq}W+v'xZs|lmxKndlws|¡'«7lmx{(l       f+xg|f8{sq}xZs ~ q'x{Pprq¶eg»\eOf¦+v'xf ~ fp5© f8{(y<q'
f ~ f\{yaq'{|f\{\« ÀW© f
zlr{suf+x+f ~ f  
 f\{(so7q'uq'x7sulwfgyq'opmf\{oyd|v7ydulw¡+s|¡\{ ~ f¨p5© q'ydydpmlm\qts|lmv'x !~ ¡\+|lws|f8{byd|¡8
¡ ~ f+egegf+xZs\«
RERTSU:VWXY
;th  K       	   
    
       ,f
s        ¼´³«J®<«¼Y=Z½q:¤'f8        f
s       1½EÅ<v7xUy<f\nzs¸³´q}lm|fpmfoeg»\eOfuq'lm{|v'xdxf+egf+xZs£7nf¸y|¡8
¡ ~ f+egegf+xZs
        	       #"$                        
f



























	 			    			
   C=ÅXydydpmlr+qtsulwv7x{          #"$       "f
s          #"&$        "«
        f
s       '¥¼´³«d®«0¼Y=7½Êq:¤7f\    

 f
s       1½CÅ	       #"$          "  
          	      #"&$ 

            "    5 

          	 5      
       	     	         #"&$ 

            "   	 5 

          	 5      
                
      #"$ 

                 5 

            	 5        
f
sy<v7nd        v'x1q

    «
 &R"!
  
	  	      ;;
       )f
s     	   ¨¼´
³«d®<« ¼´=7½Êq:¤'f8        f




¡ ~ f+egegf+xZs	  
      #"$        
 "  
        
          
f
sy<v7nd     

     v'x1q  
    )f





























 dZKÅO v'|s|q}lws ~ fyda<q'{|f ~ f\{I¤:q'|lrq}pwf8{ ~ © ¡
suq}su{  f





    ¼Yª
7q'nadf:½Wf+sbnx¦\vZv7e q}nzsuv'nd ~ nyJv'lmx7s ~ © ¡\£Zndlmpmlwdufg¼´ª ~ uv'lws|f8½




}© f\{(s(¿Âªt¿ ~ lm|f         f
s        '«Pf\+lf8{s,q'n{u{(leOv7xZs|u¡¨{(nd,pwfy<v7(suuq'l¢s ~ fydaq7{(f ~ v'xdx¡{(noprq
®7nd|f¼YZ}½
«
  1  1 Ì ZÑ    ´8 K K 3IÍ     Ò K #   Í  # 3IÍJ\Ï
Ð   )&   ÆÏ K 
À0fg
v7ndq}xZs\q}pr
lr£ZndfOªq7{¸{|f+nlwp        f\{(s)|f8{(yJv'x{uq}pwf ~ n¹uf+Jv'x ~ yJv7{(s(¿ lwxadlwl¢suf+nd)+q'pwf
v7ndq}xZs ~ f³Ændlws|fbxdv7x,{|y<¡8
lw®<£Zndf     
   ¥t¡
sq}xZs pwlmxd¡\q'lwufIy<q}uq'ydy<v7(s q}n,y<v's|f+xZsulwf\pzeOf\eodq}x<q}lm|f     ¥tlwx ~ ndlwsP{|f+npwf\eOf\xZspmf
v7eOyJv'|s|f\egf+xZs ~ © ndx¨{(z{(s|c\eOfpmlmxd¡\q'lwuf ~ nyduf+eglwf\Wv' ~ uf'«tµWx|f\7q} ~ q'x7s prq¸®«¼Y'Z½¥'v7x{+© q}yJf+ 
v7l¢sI£ZndfyJv'nd
~ f8{b¤:q'pwf\nd{
uv'lr{|{uq}xZs|f8{ ~ f)pY© f¨+q7
lws|¡ ~ f)p5© q7sulwv7x ? Ê¿5f\|7lm£Zndf      ¥<³«dyq'uq''q}ydaf,¼5¶« hZ½
¥dv'x1qÅ
             	       6"&$       #"$        #"$  5    #"$  
      5
v    f8{spwfyJv}suf+xZs|lmf+p ~ © lmxK¤'f\u{|lwv7x ~ n¨
v'nuq'x7sI{|Kxq}yds|lr£7nfC? b¿ f+u'lr£Zndfblwxdalwdlws|f\nd8¥Z
³«'f\£J«¼Y'Z½«ZjzndWprq®<«d¼´'Z½0v7x,egv7x7su|fb
v7egeOf\xZs pmf{(z{(s|c\eOfbu¡ ~ nl¢s8¥}³«}f8£<«z¼Yd8½
¥t|¡\y<v7x ~ q}nzlmxdadlmdlws|lmv'x{ ~ fÊypwn{ f\x,ypwn{ 7uq'x ~ f8{
~ ¡8
pmf+xad¡\f\{y<q}ndxfoq'
s|lmv'xK? b¿ f+u'lr£Zndf ~ fypwn{f+xXydpmn{f¨+q7
f'«<·f,y<f+s|lws|f\{¤tq}ulmq}s|lmv'x{ ~ f     5 ¥J³«®<«C¼Y'Z½Iª ~ uv'lws|f'¥Zlmx ~ ndlr{(f\xZs ~ f¶7uq'x ~ f\{¤tq}ulmq}s|lmv'x{q}nxdlw¤7f\q'n ~ f¸pY© q}egydpmlws|n ~ f ~ n|f\<v7x ~ yJv7{(s(¿ lmxdadlmdl¢suf+nd8¥z³«
®<«0¼´'Z½bªO7q}n<adf'«
RERTSU:VWXY
;=  K       	   




























 'dÅ ` qtf8s|v7lwuf\{ ~ n {|z{suc+egfXu¡ ~ ndlws\¥Ê³«f\£J«¶¼Yd8½
¥WyJv'nd ~ f\{¤tq'pwf\ndu{
uv'lr{|{uq}xZs|f8{ ~ f      5 «IWpmn{p5© f \q'+l¢su¡ ~ fOp5© q7s|lmv'x ? b¿ f+u'lr£Zndfof8{s'q}x ~ fof+s¸ydpmn{      5 f8{s'q}x ~ ¥J+fO£Zndl ~ ¡8
pmf+xadfOndx¹|f\<v7x ~yJv7{(s(¿ lwxdalwdlws|f\nd ~ n­y<v's|f+xZsulwf\pegf+e,duq'xq}lmuf

             ~ n­xf+nduv'xdf ~ fXsKy<fUÁ|Á(Á ~ f§ydpwn<{¨f+x­ypwn{eq}£Znd¡'«
  1  8    	  Ñ  # K(3  d 27Ï Z #  K	tÍ   # 1Ï  3 <! 8 Ò    dÒ K  #  
jKndprq¯®<«¼´D7½Ov'xAegv'xZs|ufXpmfUaq}xd7f+egf+xZs ~ fXp5© ¡\¤'v7pwnzsulwv7xSsuf+egyJv'uf+pmpwf ~ n°yJv}suf+xZs|lmf+p¶eOf\eodq}x<q}lm|f ~ f\{
xdf\nd|v7xdf\{ ~ f¨sKyJfÁ|Á(ÁyJv'nd ~ f8{o¤tq}pmf+nu{,
uv'lr{|{uq}xZs|f8{ ~ fpY© f¨+q7
lws|¡ ~ fprq§+v'xdxdf+zlwv7x ? b¿ f+u'lr£Zndf       ¥³«yq}q}7uq'ydadf ¼5¶« hZ½
«bv'egegfUegv'xZsu|¡Xydu¡\+¡ ~ f\egeOf\xZs¨y<v7nd¨pmf§{(z{(s|c\eOfXu¡ ~ ndl¢s8¥ ~ f§y<f+s|lws|f\{¤tq}ulmq}s|lmv'x{ ~ f
    lmx ~ nlm{|f+xZs ~ f8{uf+Jv'x ~ {y<vZ{s|¿5lmxdadlmdlws|f+n ~ fypwn{f+xXydpmn{'q}x ~ {\«z v'nds|v'nds|f\{pwf8{¤tq}pmf+nu{ ~ f     ¥pmf\{¡+¤7v'pmnzs|lmv'x<{ ~ n¨yJv}suf+xZs|lmf+pJegf+e,duq'xq}lmuf   ~ f8{Ixdf\nduv'xdf8{ ~ fsZyJfÁ|Á(ÁW{|v'xZs{|f+e,dpmq'dpmf\{\¥}suq'xZsÊ£ZndfpmfyJv}suf+xZs|lmf+p
egf+e,duq'xq}lmuf   gf8{sydpmn{)yJf
sul¢s ~ f      #"$ ¥ \q}      ¥EyJf+x ~ q}xZso
f+s(sufy<¡\|lmv ~ f'¥0f8{s)yduf\{u£ZndfgxKndpwpmf'« f\
l~ ¡\eOv7xZs|ufg£Zn0© v'x¯xdfgyJf+nzsyq7{)q:¤'v7lw ~ fgegv ~ l¢®<\qtsulwv7x{¸s|uc\{lmegy<v7(sq}xZs|f8{ ~ fpmqaq'nzs|fO³Æu¡\£Zndf+x<
f   y<q})prq
{|f+ndpmfq'nd'egf\x7sqtsulwv7x ~ fpY© f¨\q'
lws|¡ ~ fp5© q7s|lmv'x ? b¿ f+u'lr£Zndf'«P·¶f1ydpwn<{+¥Pxdlbprq ~ lweglmxKnzs|lmv'x ~ fpmq¯+q'yq'+l¢su¡
{|y<¡8





v7ndq}xZs ~ f³Ændlws|fs|v'ndsq}npmv'xd ~ n~ ¡\¤'f+pmv'yy<f\eOf\xZsÊf\eodu'v7xdxq}lmufx0© f+zydpwlr£Zndf+xZsbpY© q}n'egf+xZsuq}s|lmv'x ~ f\{Êaq}nds|f\{I³Æu¡\£Zndf+x<
f\{   s|v'ndsÊf\xydu¡\{|f+u¤tq}xZs









lmx{|lY¥pwf§eOv ~ c\pwf¹q}u|lm¤'fXª uf+yduv ~ ndlm|f1pmf\{¨u¡\{|ndpwsuq}su{f+KyJ¡+ulmeOf\xZsuq}ndÃyJv'nd¨pmf\{aq}nds|f\{³Æ|¡8£7nf+x+f\{ ~ fU³´q 
v7x
£Znq}pmlwsuqtsulw¤7fegq'lm{bxv'x1£7n<q}xZs|lwsuq}s|lm¤'f'«
   $+*  *   
$+* *  	  (( (   * 	(! "
y|c8{W{(v7xgf+xZs|u¡+f ~ q'x{Wprq)





zlr{suf ~ v7x ~ f\{,eO¡8+q'xdlm{|egf\{oy<f\|egf
s|suq'x7s ~ © ¡+pmlweglmxdf+Ondxdfyq}|s|lmf ~ nÃ+q'pm+lwne"lmxZs|q'+f+pmpwndprq}lmuf'« ·¶f\{,|¡8{(np¢sqtsu{
q}xZsu¡+ulwf\ndu{ ~ fOeOv ~ ¡\pwlr{uqts|lmv'x¹egv'xZs|uf+xZs¸£Zn0© ndx¹eOv ~ c\pwfg{|lwegydpmf,<q'{|¡,{|ndndxdfg
lmxd¡
sulm£Zndf ~ n§y|f\eOlmc+ufov7 ~ |f,f\{(s
{|n¨{|q'x7syJv'nd ~ ¡\







lmnde f8{s ~ v'x¸prqO{|ndlm¤tq}xZs|fWÅ
          #        %   
  ¼Y77½
$#       5 
      
   
    f8{s¸ndxdfO
v'x<{sq}xZs|f)nzsulwpmlr{(¡\foyJv'nd
v7xZ¤7f+|s|lmpmfo
v7nduq'xZs,¼Æx¸½¥Cpmfs|f+egy{ ~ f ~ l¢±Cn{|lwv7x ¼Æe{u½Êf+spwf¤7v'pmndegfg¼/   ½Êf+x1
v7x
f\xZs|qts|lmv'x ~ © lwv7x{       ¼Æxde¨½ 





































 DÅ À0fOy<v's|f\x7sulwf\pegf\eodq}xq'lwuf¼ '¥  e  Æ½¥Epmfg
v'nuq'x7s¸+q}pr
lr£Zndf,ªq'{¸{|f+ndlmp¼      x Ç½
¥E¤:q'|lrq}pwf8{~ © ¡
sqtsy<v7ndpwfO
v'nuq'x7s+q'pm+lm£ZndfOªq7{¶{|f+nlwp¼     ¥    ½o¥Cpwfg
v7ndq}xZs ~ f,³Ændlws|fX¼    %
  x Æ½¶f
spwfg
v7ndq}xZs{|Zx<q}yzsulm£Zndf¨¼     K¥  x< Æ½ ~ nXxdf\nduv'xdf ~ fsZyJfÁ|Á(Áby<v7nd ~ l¢±C¡+uf+xZs|f8{¤tq}pmf+nd{ ~ fopY© f¨+q7
lws|¡ ~ f)pY© q'
s|lmv'x       « v'nd ~ f\{¤:q'pwf\nd{o
uv'lr{u{|q'x7suf\{ ~ f     ¥prqXaq'nzs|f¨³Æ|¡8£7nf+x+f   f\{(s ~ f¨ypwn{,f+x ypwn{o¡+pmf+¤7¡+ff
sOpwf|f\<v7x ~yJv7{(s(¿ lwxdalwdlws|f\nd ~ f\¤Klwf\x7s ~ f)ypwn{bf\x1ydpwn<{eq}£7n¡'«
RERTSU:VWXY
;}  K       	   
    
&% &¿u  
  
v7x{sq}xZs|f ~ f¸suf+egy{ ~ © ¡+pmlmeOlmxq}s|lmv'x ~ nX+q'pm+lwnde lwxZs|q'+f+pmpwnpmq'lwuf 

 Pv'pE¤'v7pwneOf ~ f)prqOpmq'egf+pmpwfvpmf+q}pr
lmnde uf\{(s|f)+v'xZs|lmxd'f\xZs|¡WÅ
  q}lmuf&   ; 
    ¥
  yduv}³Æv7x ~ f+n & 5     ¥  Pv'p&¸q}lmuf  yduv}³Æv7x ~ f+n & =  ; 
    «
   )$+*'  *-
ÀW© ¡\£Znq}s|lmv'x ~ f)¾f+ux{(sy<f\|egf
s ~ f\q}pr
ndpmf+bpmf)y<v's|f\x7sulwf\p ~ f|¡\¤'f\u{|lwv7x ~ © ndx1lwv7xf\x³Æv7xsulwv7x ~ f{(f8{Ê+v'x+f+xz¿
s|qtsulwv7xlmxZs|qOf
sf
Ksuuq}¿ +f+pmpwndprq}lmuf\{\«ZÀI© ¡8£7n<qts|lmv'x ~ f)¾f\|x<{sf8{sprqO{|ndlm¤tq}xZs|fWÅ
  "!   
 	     	    
  Åd






f ~ f)p5© lwv7x 

 AÅd+v'x{(suq'x7suf ~ f@Aq'uq ~ q: 

  	     Å<
v'x<
f+xZsuuq}s|lmv'x ~ f¸p5© lwv7x1ªOp5© f+Ks|¡+ulmf+nd ~ fprqg
f+pmpmndpwf 

  	     Å<
v'x<
f+xZsuuq}s|lmv'x ~ f¸p5© lwv7x1ªOp5© lmxZs|¡\|lmf+nd ~ f¸prq
f\pwpmndpmf'«
À qg+v'x{(suq'x7suf      qO¡
s|¡®K¡\f)ª:z«>;txde1«




* # &* '
' 2 $+" "%*' '  *' '
$+*





s|s|f\ndu{{|fg³´q}lwspwv7u{u£ZndfOpwfyJv}suf+xZs|lmf+pWegf\eodq}xq'lwuf ~ ¡+yq7{|{|fgndx {(f\ndlmp ~ © q'sul¢¿
¤tqtsulwv7x0«P¶xSnzs|lmpwlr{|fndxS{|f+nlwp ~ © q'sulw¤tq}s|lmv'x ¡\7q}pÊª     ¿ =1e  y<v7nd,pmf\{os|uv'lr{)sKyJf\{ ~ fxf+nduv'xdf8{+«À0v7u{u£Zndf
ndx xdf\nduv'xdf ~ ¡\yq'{u{|f¨
f{|f+ndlmp5¥ pmf\{xf+nduv}suuq'x{(egf+s(s|f\nd{){(v7x7spmlm<¡\|¡8{oq}n Jv'nzs ~ f¨p5© q}zv'xdf¨q:¤7f\Ondx s|f\egy{ ~ f

v7x ~ n
s|lmv'x¨¤tq'|lrq}dpmf{|f+pmv'x¨pmfxf+nduv'xdf7«ZÀI© v7ydyJv7{|l¢sulwv7xydaKK{|lmv'pmv''lr£Zndf ~ f¶ydaq7{(f¶f+xZs|ufp5© q7sulw¤tqtsulwv7x ~ f8{Ixdf\nduv'xdf8{
~ fsKyJf¸Á|Á(ÁÊf
spmf\{bxdf\nduv'xdf8{ ~ f¸sZyJf)ÁIf+sÁ(ÁÊf\{(seOv ~ lmpmlm{|¡+fyq'ndx1|f+suq} ~~ © q7s|lm¤tqtsulwv7xq'nxdlm¤'f8q}n1{(Kxq'yzs|lr£Zndf'¥
 &O{\«
 v'nd ~ ¡\{uq'
s|lm¤'f+pmf
z+pwf)f+z+l¢sqtsuf+nd ~ nX|¡8{(f8q}n1f+e,d|7v'xdx<q}lm|f¸v'xXqglmx7su|v ~ nl¢snx1s|f+egy{|¡+³Æuq7sq}lm|f ~ © q'¿
s|lm¤tqtsulwv7x¨y<v7ndbaq'£Zndf¶xdf+nduv'xf'«Kf¶s|f\egy{{|f+q)ydpmn{ÊyJf
s|lwsby<v7ndpmf\{xdf\nd|v7xdf\{ ~ f¶sZyJfÁ|Á(Á¼    &,'«>;){½Wf+sÊypwn{
'q}x ~ yJv'ndpmf\{bxf+nduv'xdf8{ ~ fsKy<f)ÁÊf
sÁ(Á¼   &¸« ;,{bf
s   &¸d«>;o{½«
 &R"!
  
	  	      ;D
¶x ~ ¡
®xl¢spmf\{blmx{(suq}xZs{ ~ © q'sulw¤tq}s|lmv'x1{(Kxq'yzs|lr£Zndfy<v7ndaq'£Zndfxdf\nduv'xdfWÅ

 #                     5
#                      5
 #                      5
¶x ~ v'lwsIeq}lmxZs|f\xq}xZsWyduf+x ~ |ff\x¨
v'egyzsufpmf\{ suf+egy{Wu¡
³Æq'
suq'lwuf\{\«tÀ0f\{If+x{|f+e,dpmf\{ ~ f8{Plmx{sq}xZsu{ ~ © q7sulw¤tqtsulwv7x ~ f\{
{|Zx<q}y{|f\{I'pmnz¿5f\|7lm£Zndff+sxdf\nduv'egv ~ ndprqts|ulr
f ~ nxdf+nduv'xf ~ fsKyJfÁP¤7f+{Wpmf\{Wxf+nduv'xdf8{ ~ fsKy<f¶Á¥7Á|ÁWf
sÊÁ(Á(ÁW{|v'xZs Å
 #          # f
sxdv7x  	         #   	  	     

 #          # f
sxdv7x  	        #   	  	     	


  #          # f
sxdv7x  	        #   	  	     
ÀW© f+x<{(f\eodpmf ~ f8{Ilmx{(suq}xZs{ ~ © q'
s|lm¤tqts|lmv'x ~ f\{Ê{(Kxq'y{(f8{ ? b¿5f\|7lm£Zndf ~ n¨xdf+n|v7xdf ~ fsZyJfÁ|ÁP¤'f\u{Ipwf8{Ixdf\nduv'xdf8{
~ fsKyJf¸Á|Á(Ábf\{(s Å 
  #         # f+sxdv'x  	        #   	  	      
ÀW© f+x<{(f\eodpmf ~ f\{ lmx{(suq}xZs{ ~ © q7sulw¤tqtsulwv7x ~ f8{P{(Kxq'y{|f\{WµPd¿ f+u'lr£Zndf ~ f\{ xdf\nd|v7xdf\{ ~ fbsKyJfbÁ(Á(Á¤'f\u{pmf\{ xdf\nduv'xdf8{
~ fsKyJf¸ÁÊf
sÁ|ÁÊ{|v'xZs Å
  #             # f+sxdv'x  	         #   	  	     

  #             # f+sxdv'x  	        #   	  	      
vv'x1q,yd|lr{bf+x1
v7egyzs|f)q}n<{|{|lEpwfuf










v'nu{ ~ n¨s|f\egy{+«KÀ0f8{W³Æv7xsulwv7x{Wnds|lmpwlr{(¡\f\{Ê{(v7xZs ~ f\{I³Æv'x<s|lmv'xq}pmydaq)egv ~ lw®¡+f8{+¥K³«7®«C¼ÆhZ7½
¥7f+s ~ ¡+®xdlmf\{\¥7yJv'nd
s|v7nzs     ¥dy<q} Å












 #    	    #   5  




 #      	    #   

 # Å<s|f\egy{ ~ n ~ ¡\dnzs ~ foprq{(s|lmeondprqtsulwv7x)Å<lmx{(suq}xZsvUpmfoyJv}s|f\xZs|lmf+peOf\eodq}x<q}lm|f  ~ nUxdf\nduv'xdf
(v'ulm'lmxdf
~ fpmqg{|Zx<q}y{|f  ~ ¡+yq7{|{|f¸pwf)yJv}suf+xZs|lmf+p {|f+nlwp5¥d}© f\{(s(¿Âªt¿ ~ lm|f    #      gf+s    #   5 

  Åd+v'x{(suq'x7suf ~ fs|f\eOy<{ ~ f)
uv'lr{|{uq}x<
f ~ n1y<v's|f+xZsulwf\p0y<vZ{s|¿ {|Kxq}yds|lr£7nf 

RERTSU:VWXY
='  K       	   










   Å+v'x{(suq'xZs|f ~ f¸s|f\eOy<{ ~ f ~ ¡8
uv'lr{|{uq}x+f ~ n1yJv}suf+xZs|lmf+p0yJv7{(s(¿Â{|Zx<q}yzsulm£Zndf7«
À q³Æv'x
s|lmv'x§q'pwyda<q¨egv ~ l¢®<¡+fof8{s¸lwxZsu|lmx{|c\£Zndf+egf\x7s¸pmq{(v7(sulwf ~ © ndx¯{(z{(s|c\eOf ~ Kxq}eglr£Zndfopmlwx¡\q}lmufo£Zndluf+y|¡+¿
{|f+xZs|f1p5© ¡\¤'v'pmnzsulwv7x ~ Kxq'eglm£Zndf ~ nAy<v's|f\x7sulwf\pyJv7{(s(¿Â{(Kxq'yzs|lr£Zndf'«PPq}gf+Kf\egydpwf7¥I{|lv'x°{(ndyy<vZ{(f       E¥

v7egeOf ~ q'x{bpmf+q'{ ~ © ndxf
v'xxdf
zlmv'x ?¸pmnz¿ f+u'lr£Zndf'¥zv7xqÅ
  " #      %






 #        #
f
s+f+pmpwf+¿ +lEf\{(spmq{|v'|s|lmf ~ n1{|z{suc+egf ~ Kxq}eglr£Zndf{(nlw¤tq}xZs Å
 
                  "          5   5           5   5                       5   5
     '       
¼Y'Z½
v        f\{(s¸prq ~ lm{(s|ulmdnzs|lmv'x ~ fg·lmuq7}¥    f8{sprq¨suf+x{|lwv7x ~ f{|f+ndlmpP£7nl ~ ¡\
pmf+x<adfondx {|ydlwÉ7f'¥ "   f\{(sprqX³Æv'x<s|lmv'x ~ fÈf8q:¤'f8{(l ~ f ~ fpmq ~ ¡+ulw¤7¡+f ~ n y<v's|f\x7sulwf\pegf\eodq}xq'lwufU¼ÆnxÃ{|ydlwÉ7fq}yyq}q:²rs,q}n suf+egy{  #{|lIf
s
{|f+ndpmf+egf+xZs{|l    #       f
s    # ¶f\{(s)y<vZ{(lws|lm¤'f:½f+s\¥E®x<q}pmf+egf+xZs    ¶f\{(s)pmq{(v7(sulwf ~ n {|K{(s|c\egf'«E·fgydpmn{\¥0pmf
{|K{(s|c\egf¸¡+suq'x7spmlmxd¡\q'lwuf    I³Æv'nduxdlwsq}n{u{|l          " #       «À qg
v7egy<vZ{|q'x7suf     Ê
v7egyzs|f)pmf\{{|ydlmÉ'f\{£ZndlEq}u|lm¤'f\xZsI{(ndÊprq,{|Kxq}y{|fo¼´f+pmpwf¸¡+¤7v'pmndfyq'Iyq'pwlmf+½«zÀq ~ Kxq'eOlr£Zndf ~ f¶yJv}suf+xZs|lmf+pC{(Kxq'yzs|lr£Zndf¸f\{(s ~ v7xdxd¡+f¶yq}
pmf\{b¤tq}ulmq'dpmf\{ ~ © ¡
sqts¼           ½
«<À qO¤tq}pmf+n ~ © ¡8£Zndlwpmlmd|f ~ nX{|z{suc+egf ~ ¡+yJf+x ~X~ f¸prqg
v7eOeq'x ~ f     JÅ  
       5           5
 &R"!
  
	  	      =
µWxq}ydydpmlr+q}xZsIprq)suuq'x{(³Æv'ueO¡\f ~ f¶Àq}ydprq'+fq}n{(z{(s|c+egfO¼´'Z½P{|v'n{IpY© aKZyJv}suadc\{|f¶£Zndf$  5       f
s   5   5 ¥7v7xqÅ  
         5   
 

      5       
         5                                  '        ~ v7x
    '  
    5         5      5   
          
¤'f\¸pmf\{+v'x ~ lws|lmv'x<{blwxdlws|lrq}pmf\{xZnpwpmf\{bv7n+f+pmpwf8{ ~ f\{b¤tq'pwf\ndu{ ~ © ¡8£7nlwpmlw|f7¥zv'xv'zsulwf\x7s ~ v'xPÅ
     '             
{|v'lws ~ q}x{bpmf ~ v'eq'lwxdf¸suf+egy<v7|f\p'Å
     '   
 

        
	






£Zndl +v'u|f8{(yJv'x ~ ªgpmq,³Æv'x<s|lmv'x1q}pmydaqOegv ~ lw®¡+f    5      %«Wpmn{¶pY© ¡\\q}|sf+xZs|uf  f+s ,f8{s¸lwegyJv'|suq}xZs¸ydpwn<{¶+f
s(suf,q'ydyduv:Klmeqtsulwv7xf8{s¸eq}nd¤tq}lr{|f'¥C
v'egegf ~ q}x{pwfO+q'{
~ © ndxdfb{(Kxq'y{|fWxdf+n|v7eOv ~ npmq}s|ulm+f'«:¶xoy<f\nzsx¡\q}xeOv7lwx<{ egv ~ ¡+pmlr{(f\           " #     Ey<q} nx,{|K{(s|c\egfpmlwxd¡8q}lm|f ~ f ~ lmegf+x{|lmv'x1aKndl¢sÅ  
                 "     "                                     $       "       " 9     1 1        1      9                               
  '     9  
vpwfyduf+eglmf+s|f\|egf ~ f¸pmqO{(v7(sulwf     ~ n1{(z{(s|c+egf ~ Kxq}eglr£Zndf¶f8{s     
v'egegf ~ q}x{Êpmf¸\q'{     #      %«dÀq
v7egy<vZ{|q'x7suf      Ê
v'egyzsufpwf8{Ê{|ydlmÉ'f8{Ê£Zndl0q'|ulm¤'f+xZsb{(ndbprqg{(Kxq'y{(f7¥z
v'egegf     ¥egq'lm{bq:¤7f\nxuf
sq} ~~ f  {|f\
v7x ~ f8{+«zÀW© q:¤tq}xZsuq''f ~ © ndxf¶suf+pmpwf¡8
ul¢sund|f¸f\{(s{(n(suv'nzs+q'pm+ndpmq}s|v7lwuf'«KÀ0fydulwx<






s ~ f+q'pm+ndpwf\ ~ lwuf\




l ~ fq:¤'f8¶prq{|v'|s|lmf    «<·¸q}x<{pmf)yd|v7'q}egegflwxz³Æv7|eq}s|lr£7nfq'sundf+p5¥dpmf\{+v'ndq}xZs{
{|Zx<q}yzsulm£Zndf8{{(v7x7s\q}pr
ndpm¡\{b7uÄ7
fª,p5© nzs|lmpwlr{uqts|lmv'x ~ f)pmlm{(s|f8{q:¤'f8 ~ f\{Ês|f\egy{ ~ f)+q'pm+ndpr{blwegyJv'|suq}xZs{+«
RERTSU:VWXY
=7  K       	   
    
#   &$+* 
 $+*  	" "%
xf³Æv7xsulwv7xS7q'egegq§y<f\nzsg»







5  	  	 5  	    5   
  	   
#   	
"   4 
+($
	2 "  *+8 '* 
'
À0f8{Iaq'xd'f\egf+xZsu{ ~ fpmqy<¡\|lmv ~ f ~ © q'
s|lm¤Kl¢su¡|Zsuadeglm£Zndf¶f
sIpmfxdv7eoduf ~ f¶<v7nz±J¡\f\{yq}I¡+ydlr{(v ~ fs|v'ndsÊq}npmv'x
~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs ~ n§|¡8{(f8q}nXf+e,du'v'xxq}lm|f){|v'xZs¶q7{|{|vz




sªOp5© f \q'+l¢su¡ ~ f)pY© q'
s|lmv'x ? b¿ f+u'lr£Zndf'¥d
³«Ksuq}pwf¨¼(8½«
 P'Å    , 	           	 . 6	  	  ( -	  	 -. 	      :  0.	   
 . -.  
  : -. 8?+ABADC  0/  
 ¡+ulwv ~ f Êv'nz±C¡+f8{ µ '«-? b ·¶Zx « ¼´{½ ·¶Zx «
­¼´{½ jZsq ~ f
¼´{½ ¼Æx<½                ~ ¡\¤'f+pmv'y «
;}   « =Z;  7z«>; K«>; ·¶f+¤z
\7  '« 7; « 'h7 z«   ;z«  '7« ; ·¶f+¤C
!=d7« D  '« Z; z«>; d«  ;}h«  \«  ·¶f+¤d
th D ; 7« hZZ; d«  Dd«  =d«>; ;d«  ·¶f+¤z
}hK  '«>; d«  Dd«  DDd«  '«  ·¶f+¤Kh
À0f8{g





q}pmpmnd|fydaKz{|lwv7pwv7'lr£7nf ~ f)p5© v7x ~ fpmf+xZs|f¾¶º]f+s ~ n1y<v's|f+xZsulwf\p0egf+eouq'xq}lm|f ~ f8{bxdf+nduv'xf\{ ~ fsKyJf¸ÁÊf
sÁ|Á«
  o , 




*  (    '*   *  !# '*' '

À0f8{,®«¼Æh<8½
¥¼ÆhZ7½f+sU¼Æh7Z½egv7x7su|f\xZsOpmf\{g¡\¤'v'pmnzsulwv7x{suf+egyJv'uf+pmpwf8{+¥Pf\x7su|f ~ f\nz ¡+ydlr{|v ~ f\{Of
syJf+x ~ q'xZsgnx
¡+ylm{|v ~ f'¥ ~ f\{)
v7ndq}xZsu{¸lmx7su|lmx{|c\£Zndf8{f
so{|Zx<q}yzsulm£Zndf8{ ~ f\{xf+nduv'xdf8{ ~ fgsKy<fÁ¸f






lmnde    y|vt¤7vK£Znd¡\fyq}¶pwfo+v'ndq}xZs\q}pr
lr£7nfªq'{¶{(f\ndlmpq}n ~ ¡+yq'(s ~ fpY© ¡+ylm{|v ~ f'¥J³«<®«¼Æh:½«Ef\
lf\{(spmfo{(lm'xf





eq'{u£Znd¡+fyq}pY© lwxadlwl¢sulwv7x¼? b¿ f+u'lr£7nf8½¥:³«8®<«Z¼´hZ7½Ef
s®<«Z¼´h77½
«8`v'ndsq}nopwv7xd ~ fÊp5© ¡\ydlm{|v ~ f'¥8prqpmf+xZs|fÊq'sulwv7x
xdf\nd|v7egv ~ ndpmq}s|ulm+f¼      f+s    
 ½Pu¡ ~ ndl¢sÊyduv''uf\{u{|lw¤7f+egf+xZs\¥ ~ © ndxdf¶<v7nz±C¡+f¶{|ndpY© q}nzsu|f7¥'p5© aKKyJf+uy<v7pmq'|lr{|q}s|lmv'x~ ndfOª¨p5© q7sulwv7xXlwxdalwdlws|ulr
f(? b¿ f+u'lr£7nf'«Cf8
l 
fos|q ~ ndlws¶y<q} ~ foydpmn{¶f+x§ypwn{¶yJf
s|lws|f8{¤tq'pwf\ndu{ ~ f     f
s~ v7xyq' ~ fOydpmn{¶f+xUydpmn{¶y<f+s|lwsu{¸uf+Jv'x ~ {¶yJv7{(s(¿ lwxdalwdlws|f\nd{+¥7n{u£7n © q'nUegv'egf+xZs¶v§
f\nzK¿ +lxf ~ ¡\yq'{u{(f\xZsyq'{
pmf{(f\ndlwp ~ © q7s|lm¤tqtsulwv7x     ¥dpY© ¡+ylm{|v ~ f){+© q}u|»+suq'x7sq}pmv'{\«
 &R"!
  










































 h7Å v's|f\x7sulwf\p¶egf\eodq}xq'lwufS¼ o¥  e  Æ½¥
v7ndq}xZsu{lwxZs|ulmx{(c8£Zndf\{¹¼      ¥   	     f+s   




lmnde ¼         ¥  xº Æ½Êf
s¶+v'ndq}xZs{{(Kxq'yzs|lr£Zndf\{)¼       ¥        Êf
s
    




s  ~ fxdf+nduv'egv ~ ndprqtsulwv7x¹v7xZs¡
su¡¨®dz¡8{yJv'ndOv'zsuf+xdlmonxdfq7s|lm¤Kl¢su¡yJ¡+ulwv ~ lr£Zndf ~ © f+xK¤Klm|v7x­!;}7{q:¤'f8¨XJv'nz±C¡+f8{oy<q}o¡\ydlr{(v ~ f8{¼´·¶f+¤d ~ q}x{
p5© q'ydy<f\x ~ lr
f¨¼ ¶« hK½(½
RERTSU:VWXY
=}h  K       	   





































 hKzÅ° v}suf+xZs|lmf+pPegf+e,dq}xq'lwuf¼ o¥  e  Ç½
¥+v'ndq}xZsu{¸lmxZs|ulwx{|c\£Zndf8{g¼     f
s    
 ¥  x Æ½¥f
s
v7ndq}xZsu{{|7¿xq'yzs|lr£Zndf\{)¼     ¥     ¥      
 f
s    
	 ¥  x Æ½ ~ nxdf+nduv'xf ~ f¸sKyJf¸Á|Á(Á«dÀ f\{byq'uq'eOc+s|uf\{ 

	  ¥  f
s ~ f¸xdf+n|v7eOv ~ npmq}s|lmv'x¨v7x7sÊ¡
su¡®dz¡8{yJv'nv7zs|f\xdlwbndxf¸q7s|lm¤Kl¢su¡¶yJ¡+ulmv ~ lm£Zndf ~ © f\xK¤Zlmuv'xU<;}'{q:¤'f8Jv'nd±J¡\f\{Êyq}














































 vZv7e ~ ngyJv}suf+xZs|lmf+p<eOf\eodq}x<q}lm|f¼   7¥  e  Ç½
¥ ~ n
v7ndq}xZsPlwxZs|ulmx{(c8£Zndf¼      x Æ½¥ ~ f\{W¤:q'|lrq}pwf8{~ © ¡
sqtsu{ ~ n +v'ndq}xZs\q}pr
lr£Zndf§ª q7{{|f+ndlmpg¼     f
s     ½¥ ~ nB
v'nuq'x7s ~ fU³Ændlws|f°¼    %
 ½f+s ~ f\{+v'ndq}xZs{{|Zx<q}yzsulm£Zndf8{)¼      ¥       ¥    
 f
s    
	 ¥  x Æ½ ~ n1xdf\nd|v7xdf ~ f¸sKy<f)Á|Á(Á«À f\{byq'uq'eOc+s|uf\{   

	  ¥ f
s    ~ fxf+nduv'egv ~ ndprqtsulwv7xSv'xZsg¡
su¡®dz¡8{,yJv'nOv7zs|f\xdlmOnxdfq7sulw¤Klws|¡y<¡\|lmv ~ lm£Zndf ~ © f+xK¤Klwuv'xB!;''{oq:¤7f\
Jv'nz±C¡+f8{yq}b¡\ydlm{|v ~ f¨¼´·¶f+¤d ~ q'x{bpY© q}yy<f\x ~ lr
f,¶« hZ½
RERTSU:VWXY
==  K       	   
    
@   
+$+(&
 $+*  ( *'
$ " $& ( )
 $ * 2**+ ( ' 
+( $	2"%*  "+$+*  
*'

¶x){|q'l¢s0f+zy<¡\|lmegf+xZsuq'pwf\eOf\xZs £7nfPy<f\x ~ q}xZs pmf ~ ¡\¤'f+pmv'yy<f\eOf\xZs ~ fPp5© f\eodu'v7x0¥pmqy<¡\|lmv ~ f ~ © q'sulw¤Klws|¡Wq'nd'egf+xZsuf
q}nU+v'nd{ ~ nXs|f\eOy<{+«CÀ q¨{|f+npwfoq7sulwv7xU+q}y<q}dpmf ~ f,|¡\'pmf+prqyJ¡+ulwv ~ f ~ © q7sulw¤Klws|¡f8{s¸pY© q'
s|lmv'xXxdf\nd|v7egv ~ ndpmq}s|ulm+f
+q'f\pwpmff8{sbprqo{|f+ndpmf¸q7sulwv7x¨pwf\xZs|f¸yd|¡8{(f\xZs|fq'n{|f+lmx ~ nu¡\{|f\q'n0«Zv7ndÊ|f\yd|v ~ nlwufp5© q'nd'egf+xZsqts|lmv'x ~ f¶prqyJ¡+ulmv ~ f
v'xyJf+nzs¶{|ndydyJv7{|f+ ~ f\nz¡\¤'v7pwnzsulwv7x{Êy<vZ{|{|lmdpwf8{ ~ f)p5© q7s|lmv'xxdf\nd|v7egv ~ ndpmq}s|ulm+f¸q'n+v'nd{ ~ ns|f\egy{0Å
 ndxdfXq}nd7egf+xZsuq}s|lmv'x ~ f\{g
v7x{sq}xZs|f8{ ~ fs|f+egy{§¼     f
s     ¥     f
s     ½ ~ f1prq§³Æv7xsulwv7xq}pmydaqOegv ~ l¢®¡\f'¥+v'egegfyd|v7y<vZ{(¡ ~ q'x{bprqOsuq}pwf¨¼(8½«<n1xdlm¤'f\q'n ~ Zx<q}eglm£Zndf7¥
f+s(suf)v'yJ¡+qts|lmv'xyduvt¤'vz£Zndf




q}n1uq'pwf\xZs|lr{|{|f+egf+xZsq}nX+v'nd{ ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs ~ nX
z




 ndxdf)q}nd7egf+xZsuq}s|lmv'xq'n+v'nd{ ~ nsuf+egy{ ~ f¸p5© f¨+q7
lws|¡ ~ fpY© q'
s|lmv'xxdf+nduv'egv ~ ndprqtsu|lr
fg¼    f+s     
½~ f³´q 







f\yzs|f\ndu{I{(Kxq'yzs|lr£Zndf\{ uf\{|y<v7x{uq}dpmf\{ ~ fpmqxdf\nduv'egv ~ ndprqts|lmv'xOv'nªndxfq}nd7egf+xZsuq}s|lmv'x ~ fp5© f \q'+l¢su¡
~ n+z
pmf)xdf+nduv'egv ~ ndprqtsuf+nd8«
¶x egv'xZs|uf+q ~ q}x{)prqX{|ndl¢suf¨£Zndf ~ f\{ ~ f+nz¯¡+¤7v'pmnzs|lmv'x{yJv7{u{|lwdpmf\{ ~ fpY© q'
s|lmv'x xdf\nd|v7egv ~ ndpmq}s|ulm+f'¥0{|f+ndpmfprq
yduf+eglmc+uff\{(s¶uv'dn<{sufyq}¶uq'ydyJv'|sª¨prq¤tq}ulmq}s|lmv'x{ ~ f\{¶¤:q'pwf\nd{ ~ f8{yq'uq'egc
s|uf\{f
s¶yJf+uegf





f)suuq:¤tq'lwp5«<lwx{|l5¥<}© f\{(s¶prq¤tq}ulrqts|lmv'x ~ f8{¶+v'x{(suq'xZs|f\{ ~ fsuf+egy{ ~ foprq
³Æv'x<s|lmv'x1q}pmydaqOegv ~ lw®¡+f£Zndl0f8{suf
suf+xKndf ~ q}x<{pwfegv ~ c+pmf)yJv'nd{|ndlm¤Zufpwf ~ ¡\¤'f\pwv7ydy<f\egf+xZsf+e,d|7v'xdx<q}lm|f7«
$ 
#  Ì zÏ\	zÏ+ YÍ  #	 Ò  #   d5 /E	 # ¹Ò  dÑ'Ï+ ´Í   K	:ÍJ Í #Ò zÏ < YÑ  MÑ7Í<	t# #  "KÒYÍ3&3 7Ð
   Ï
ÀW© aKKy<v's|adc8{(f ~ fegq}s|ndqtsulwv7x ~ f¨p5© q7s|lmv'x xf+nduv'egv ~ ndprqtsu|lr
f¤Klrq1pmq ~ Zx<q}eglm£Zndf¨{|Kxq}yds|lr£7nf¨yduv'yJv7{|f¨£7nf
s|v7nzsXq}n pmv'xd ~ n ~ ¡\¤'f\pwv7ydy<f\egf+xZs ~ f¯p5© f\eodu'v7x0¥Iprq ³Æv7xsulwv7x q}pmydaqSeOv ~ lw®¡\f§lmxdl¢sulmq'pwf\egf+xZs ~ f§sKyJf ' 5~ f\¤Zlmf+xxdf¶y|v7'uf\{u{(lm¤'f\eOf\xZs ~ f¸sKy<f '  {|ndbpmq,®<«C¼´h'hK½¥Kv ' 5 f



















s|lmv'xXq}pmydaqgegv ~ lw®¡+f)yJv'npY© q'
s|lmv'x1xdf\nd|v7egv ~ ndpmq}s|ulm+flwxdalwdlws|ulr
f   q:¤'f8¶pmf\{

v7x{(suq}xZsuf\{ ~ fs|f\egy{·¶f+¤zOf
s·¶f+¤Kh ~ v'xdx¡+f\{ ~ q}x{Êsq}dpmf¨¼:½«
~ f1uf+yduv ~ ndlm|fpwf8{g|¡8{(ndpwsuq}su{ ~ fydpmn{(lmf+nu{gf+KyJ¡+ulmf+x+f\{,ydaKK{|lmv'pmv''lr£Zndf\{,f
syda<q}uegq7
v7pwv7'lr£7nf\{f+s\¥ ~ f1ydpmn{\¥ lwp
f\{(s+q'yq}pwf ~ fuf+y|v ~ ndlmuf¶p5© ¡\¤'v7pwnzsulwv7x ~ f)pY© q'
s|lm¤Kl¢su¡)xdf+u¤'f\n{(f¸suv'nzsq'npmv'x ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ f)p5© f+eo|7v'x
 &R"!
  





ÁÂpPf\{(ss|uc\{lmegy<v7(sq}xZs ~ fg|f\egq'u£Zndf\¸£Zndfgpmf|¡\'prq}7f ~ fgprqyJ¡+ulmv ~ f ~ © q7s|lm¤Kl¢su¡ ~ n¹u¡\{|f\q'n ~  q'n¯aq'xd'f\egf+xZs
~ f,¤:q'pwf\nd{ ~ f  f
s  f8{s¶s|uc\{¶|v7dn{(s|f
<v7x§q¨ndxfo'q}x ~ foydprq}7f ~ fO¤tq}pmf+nd{£Zn0© v'xUyJf+ndsadv7lm{|lmf
sprq
yJ¡+ulwv ~ f¶¡+¤'v7pwnf ~ f³´q 
v'x
v'xZsulwxKndf{uq}x<{I£Zndfp5© q}pmpwnduf ~ f¶pY© q'
s|lm¤Kl¢su¡o¼Æxdv7eoduf ~ f8{IJv'nd±J¡\f\{yq}¡+ydlr{(v ~ f¶v'n ~ n|¡\f
~ f)p5© ¡\ydlr{(v ~ f:½{|v'lwsegv ~ l¢®<¡+f'«
$ 
# 
# Ì zÏ\	zÏ+ YÍ  # XÒ   Ñ dÑ ´Ï\# XÒ dÑ}Ï! ´Í   K tÍJ Í #Ò zÏ YÑ  d­Ñ'ÍJ t# #   ZÒYÍ3&3 K   Ï
ÀW© aKKy<v's|adc8{(f ~ fprqXeqts|nuq}s|lmv'x ~ fpY© q'
s|lmv'x xdf\nd|v7egv ~ ndpmq}s|ulm+f¤Klmq§pY© f¨+q7
lws|¡{|Kxq}yds|lr£7nfuf+yJv7{|f¨{(ndOpmf
³´q}lws¸£Zn0© q}n¹
v'nu{ ~ nUsuf+egy{¶pY© f¨+q7
lws|¡ ~ fop5© q7sulwv7xUxdf+n|v7eOv ~ npmq}s|ulm+fq}nd7eOf\xZs|f,q:¤7f\pmf\{¶yq}q}egc+s|uf\{    f
s    
 suq}x ~ lm{,£Zndfprq ~ Kxq'eOlr£Zndf ~ fpY© q'
s|lmv'x xdf\nduv'egv ~ ndprqts|ulr
fuf\{(s|f+v'x{(suq'x7suf'« ?¸uÄ7
fq'n eOv ~ c\pwf7¥v7xegv'xZs|uf£Zndfo+f
s(sufp5© aKKy<v's|adc8{(f ~ feqtsunduq}s|lmv'x ~ fp5© q'sulwv7x1xdf+nduv'egv ~ ndprqtsu|lr
f)x © f8{sy<q'{{uqtsulm{(³´q}lr{|q'xZs|f+q'f+pmpmf
lmx ~ ndlws ~ f\{
v'egyJv'|s|f\eOf\xZsu{ ~ negv ~ c+pmf£7nl0xdf){(v7xZsbxl0ydaKz{(lmv'pmv'7lm£Zndf8{Ixdl |v7dn{(s|f\{\«
jKlzv7xg{|ndydyJv7{|f£Zndfpmq ~ Kxq'eglm£Zndf ~ fp5© q7sulwv7x,xdf\nduv'egv ~ ndprqts|ulr
fb|f8{suf
v'x<{sq}xZs|fÊs|v7nzsWq}ngpmv'xd ~ n ~ ¡\¤'f+pmv'yd¿
yJf+egf+xZs\¥<lwp0³´q}nzs ~ © q'<v7 ~ {+© q'{u{|nd|f\£7nf
f
s|s|f ~ Zx<q}eglm£Zndff8{spmf+xZs|fov'nuq'ydl ~ f'« Êlmf+x1f+xZs|f\x ~ n0¥J{(l v'x1adv'lr{(lwsprq
+q'uq7su¡+ulm{(s|lr£Zndf ' 5 ¥Z
³«'®<«C¼Æh'hK½¥7v'xq,£7nf'¥ZeO»\egf¶q:¤'f8 ~ f¶'q}x ~ f8{P¤tq}pmf+nd{ ~ f    ¯f
s     
I¥Zp5© f 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~ f8{¤tq}pmf+nu{s|uc\{7uq'x ~ f8{yJv'nd¸pwf8{+v'x{(suq'x7suf\{ ~ fsuf+egy{  f
s 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lws|¡ ~ fÊpY© q'
s|lmv'xoxf+nduv'egv ~ ndprqtsu|lr
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